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"QUICKFir 
Interchangeable Laboratory 
Glassware 

The name and mark of "Quickfit" guarantee a 
standard of quality in laboratory 

glassware by which other standards 
are set. "Quickfit" apparatus is used in 
laboratories, large and small, all over 

the world. "Quickfit" is made of heat 
and chemical resistant borosilicate glass. 

It complies with British and International 
standards wherever they are applicable. 



It pays CO standardise 
with "Quickfit" 
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AND IN EVERY OTHER MAJOR INDUSTRY 



Evershed Electronic Process Controls are operating 
in some of the most important chemicals plants in 
the world. They measure continuously, indicate 
accurately and control cffeclively many parameters 
simultaneously; pressures, temperatures, flows, levels 
- all vital variables. Only by precise control of these 
can product quality be maintained and waste avoided. 



WHEN THINKING OF 
ELECTRONIC PROCESS CONTROL 
THINK OF EVERSHED 



EVERSHED t VICNOLES LIMITED 

ACTON LANE WORKS ■ LONDON W4 

Ttlcphooe Cft/iwidfc 3670 Ttlezranit & Ciblts Meefer London Tele. 22593 
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Leaving 



school 



this 
year? 



If you are not over 19 years of age and expect to 
obtain at least two science subjects in G.C.E. at 
'A' level, you have the basic qualifications to 
become a professional Engineer, Metallurgist, 
Physicist or Mathematician. If you enjoy taking 
responsibility; if you are prepared to work really 
hard for several years, and if you are ambitious 
to make a career in industry write to us now! 

Tube Investments Limited ofifer to selected 
applicants a 4 or 5 year Sandwich Course which 
combines periods of full time study with periods 
of full time industrial training. The Diploma in 
Technology is equivalent in standard to a Univer- 
sity degree and is fully recognised by the various 
Professional Institutions. We are convinced that 
there is no finer training for a career in industry. 

There are more than 50 T.I. companies. Because 
their interests are so diverse, T.I. can provide 
training as comprehensive as you will find any- 
where. And, after training, you will have open to 
you a worthwhile career with every prospect of 
promotion. 



If you would like more Infonnation, 
please write to: 

The Director of Personnel. Tube Investments Ltd.. 
Woodboume Grange. 21 Woodboume Road, 
Edebaston, Birmingham. 17. 

T.I. is principally engaged In making — 
Steel Tubes. Iron and Steel. Aluminium 
and Wrought Aluminium Products. 
Electrical Appliances. Capital Equipment. 
Cycles and Cycle Components. 

T.I. is also engaged in — Nuclear and 
General Engineering. Research and 
Technological Development. Worldwide 
exports, and manufacture overeeas. 



TUBE INVESTMENTS LIMITED 





UNUSUAL SHAPES — difficult assemblies — 
when you have a sheet metal job calling 
for exceptional skill, or a design to be adapted 
for practical production, submit it to Harveys. 

Competent craftsmen, widely experienced in 
work of diverse types, are available to under- 
take intricate sheet metal work in aluminiurn, 
brass, copper, mild steel, stainless steel, zinc, etc, 

WELDING by all methods including ARGON- 
ARC, BRAZING and SOLDERING. 

Send full details to: — 



G. A. HARVEY & CO. (LONDON) LTD. 
WOOLWICH ROAD, LONDON, S.E.7 

Telephone: GREeimich 3232 (22 lines) 
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LIFE 
IS 

REWARDING 



If you dig deep enougrh, you never know what you may find. It 
probably won't be gold coins, but there's certainly treasure of a 
kind for the taking — a wealth of hidden minerals, waiting for 
science to put them to work. Silicon, for instance. In one form or 
another — such as sand — it makes up more than half the earth's 
crust, yet we've only just learned the true value of the element 
itself. Pin's-head crystals of silicon, as pure as man can make 
them, come from I.C.I.'s newly built plants to form the heart of 
transistors — the tiny devices that are replacing valves and 
making extra-slim radios and hearing-aids possible. I.C.I, 
silicones, made from silicon, go into polishes that give a quick 
easy shine, into waterproof dressings that keep shoes and coats 
and houses dry, into special rubbers and resins that stand up 
to extremes of heat or cold. Silicon is doing some surprising 
things — and it's only one of many hidden treasures brought 
to light lately by scientific skill and made available to all^ 
by I.C J. enterprise. 




IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.I. 
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STEEL-A RECORD YEAR 

Biggest-ever output flows 
from Britain's busy furnaces 



BRITAIN'S sted productioa in 
1960 was tbe greatest ever 
noorded: over 24 minion ingot 
tons. Output was mmiiiig dose to 
capacity in afaoost emy secdoB of 
the indiBtiy. Total production was 
twenty per cent above 1959. 

Britain's cagad^ to produce sted 
bas been increasing 1^ leaps and 

bounds as a result of the £900 million 
which has been spent on three great 
development programmes. Last year 
alone the steel industry spent £130 
million on devdopmen^ one-sixth of 
an tbe moo^ spent by numufacturing 
industry on capital investment in this 
country. 

In the next four years the industry 
has already planned to spend another 
£450 million, and to raise its pro- 
duction potential by nearly one-third. 

Another artide on the oppositepage 
describes a great new development in 
Scotland, which brings with it the pro- 
mise of greater prosperity across the 
Border. Also in hand is a vast project 
near Newport, Monmouthshire. This 
is the Spencer Works of Richard. 
Thomas & Baldwins, whidi when 
conq>leted will be Europe's aiost 
modem integrated steelworks. An 
enormous green-field site has been 
laid out, and work is going ahead at 
a tremendous pace. 

Expansion under way 

Three more new mills to roll improved 
and more efficient sections for building 
and constructional work will come 
into operation shortly at Colvilles, 
South Durham, and the United Steel 
Companies. 

Among the very large schemes 
announced in 1960 were the Tinsley 
Park scheme of the English Steel Cor- 
poration to increase their output of 
alloy and special steels, costing £26 
million ; tlie United Sted Companies' 
|ilans at Appleby-Frodlngham and 



Samuel Fox, costing £32^ million ; a 
Doiman Long plan costing £36 
milUmi; and the entirely new works 
at Rotheiham of the Flaik Gate Iron 

and Steel Company which will cost 

£55-60 million. 

Output up all round 
Ail sides of the steel industry have 

shared in the increase in output which 
took place in 1 960. Heavy sections and 
bars were 26"„ above the previous 
year, light sections and bars were close 
behind with a 24% increase, with 
plate running them dose with a 23% 
Increase. Alloy sted was 22% up. 
sheet and tinphite 14% tqs and tubes 
12% up. 

What are the prospects for 1961 ? 
The industry will be able to improve 
on the 1960 record figure. Capacity in 
1960 was nearly 26 million tons - this 
year it ^ be 27 million tons. All the 
time, the industry is expanding to 
meet future demand. This expansion 
is geared, not to any yearly fluctua- 
tions in our manufactiuing activity, 
but to the steadily rising curve. It is 
in the ooafidence that this curve wiU 
go on steadily rising that the many 
far-reaching development plans in 
steel are bdng pressed forward with- 
out slackening. 

Ei^arlB « neoli too 

Besides the enormous amount of steel 
which Britain exported last year in 

the form of manufactured goods, the 
steel industry's own direct exports of 
steel were booming. 

Over 4 million ingot tons, valued 
at some £230 million, went into direct 
exports of sted in 1960 - a post-war 
record. 

Latest available figures show that 
well over one-third of this went to 
Commonwealth countries : exports to 
the Commonwealth were 20% up on 
1959 in tonnage. Tonnage of exports 
to Western Europe showed a similar 
upsurge. Exports to the Soviet Bloc 



including Cliina, though small by 
comparison with total exports, also 
showed an increase. 



Two new steels for 
supersonic flight 

What will the supersonic airliner of the 
future be made from? Opinions are 
divided, but the Bristol T. 1 88 research 
plane, which has been built to explore 
the problem of flight at speeds <rf' the 
order of 1,800 m.p.h., is made from 
heat-resistant stainless steel to with- 
stand the high temperatures caused by 
the friction of the air at such speeds. 

The steel scientists of Sheffield have 
produced two new types of steel from 
the experience of the Bristol T.188. 
Although heat-resisting alloy steels 
had already been in use in jet engines 
for many years, these were not suitable 
for making large thin sheets of the. 
Idnd required to build an airframe. 
The new steels produced in ShefiSeld 
are capable of being made in large 
sheets, and can be 'Nracked" into 
the complicated shapes required. 

New bridges hang 
on steel 

The new road bridge over the Firth of 
Forth is being anchored into the solid 
rock with specially tUck sted cables. 

They are IJ in. in diameter and have 
a breaking load of more than 350 tons. 
Over a thousand of these cables, en- 
closed in groups of four in 4J in. 
diameter steel tubes, are embedded 
240 feet into the rock. Other similar 
cables are being used to support the 
110 ft. high towers until the main 
Steel suspension cables arc in position. 

Other new bridges using steel sus- 
pension cables are planned over the 
Wye and Severn. Altogether some 
70,000 tons of sted wiU go into the 
three bridges. 



Copyrighted material 
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STEEL-THE YEARS AHEAD 



New strip mill promises brighter 

future for thousands BY MARGARET STEWART 




THERE is no problem of mass 
unemployment in Britain today 
as there was before the war. But 
there are still black spots. Scotland 
has 72,000 jobless, 3-3% of all its 
workers. In Greenock and Port 
Glasgow the proportion is as high 
as 8-l%- The national average 
is 1-6% • 

New light industry has brought 
50,000 jobs to the Clyde valley since 
the war. But Scotland is still over- 
dependent on heavy industry. 

The steel industry is playing a vital 
part in redressingthebalance.andbring- 
ing hope of an industrial renaissance. 
Colvilles, one of the leading British pro- 
ducers, are going ahead with ambitious 
plans to raise their steel-making capacity 
from 2-3 to 3 -3 million tons a year. Their 
most important and imaginative project 
will produce 500,000 tons of steel sheet 
and 175,000 tons of light plates a year. 
It is in two parts - a hot strip mill at 
Ravenscraig and a cold reduction mill 
at Gartcosh, 8 miles away. 

This is a completely new development 
for Scottish industry, traditionally a 
user of heavy steel. The Scots hope that 
plentiful supplies of sheet steel wilt 
attract manufacturers of cars, car 
accessories, refrigerators, washing ma- 
chines, cookers, and office furniture. A 
canning industry could follow. Rootes 
and the British Motor Corporation 
have already decided to go north. 

Snowball effect 

Sir Andrew McCance, chairman of 
Colvilles, told me: "But for the strip 
mill, these motor car firms would not 
have elected to come to Scotland. They 
will bring a lot of ancillary trades, and 
the cumulative effect is bound to be 
substantial." 

Mr. John Lang, steel union leader, 

chairtiiuii uf the Scotti:>h BourU for 
Industry, and treasurer of the Scottish 
TLJC, said there had been many 
encouraging enquiries. 

The Government's decision to lend 
Colvilles £50 million for Ravenscraig 
caused controversy in Parliament. 
Labour spokesmen said it was wrong to 



use public money for the benefit of share- 
holders. Conservative back-bench MPs 
attacked the loan as "bastardsocialism". 

But the Scot-in-the-Strect was spoken 
for by Mr. Lang: '"We don't care a 
damn where the money comes from, so 
long as our men don't have to walk the 
streets looking for jobs." 

Plans are going ahead in spite of the 
recession in the car industry. What extra 
employment will re- 
sult? Perhaps an- 
other 1,500-2.000 
steel workers will be 
needed. The car de- 
velopments should 
provide upwards of 
10,000 jobs directly. 
The Pressed Steel 
Company is expand- 
ing its plant near 
Paisley to produce bodies for cars and 
commercial vehicles. A new develop- 
ment by the accessory firm of Rubery 
Owen, scheduled for Bathgate, will 
mean work initially for about 200. And 
there will be a "snowball" effect from 
these developments within the next 
few years. 




MARTIN : 
"A dandy layout" 



success 



In spite of belting rain, looming fog and 
the grime of the Glasgow "countryside", 
it was stimulating to visit the Ravens- 
craig and Gartcosh sites. The men on 
the job impart their own infectious 
enthusiasm. 

William Banks, general manager of 
Ra\enscraig, has watched its progress 
for three years. "I have a great deal of 
faith in the future of the steel industry, 
and of our company in particular," 
he said. "I believe we shall have 100 
per cent success." 

More steel-making capacity is being 
installed to supply the new mill. 
Ravenscraig will be one of the first 
large plants in this country to adopt the 

*'l-.r>.-A.C." process, one of the most 
modern and economic methods of 
making steel, using oxygen and lime. 
About two-thirds of the output of the 



hot strip mill will be sent to Gartcosh 
to be cold-rolled into high quality sheet. 

There is a strong reason for buildingat 
Gartcosh. Nine hundred men work there 
in the old hand mills of Smith and 
McLean. Their livelihood depends on 
steel. 

Progress at Gartcosh, as at Ravens- 
craig, is well up to schedule. George 
Martin, the "boss", told me that 
American experts to whom he showed 
the plans had commented, "That's a 
dandy layout." 

At first 500 men will be employed, 
rising to 1,000. Most of Smith and 
McLean's men will be found work. 
"We will go out of our way to place 
them in suitable jobs," 1 was told. The 
older men will be taken care of by a 
pensions scheme. 

There is naturally great interest in the 
new plant. Everyone I met hopes to be 
taken on. 

William Dickson, 21, who works as a 
"breaker-down", splitting steel bars, 
expects to be transferred and hopes for 
higher earnings. Leading furnacenian 
William McCormack, though about 60, 
also hopes to be taken over. He vividly 
recalls the bad days of mass unemploy- 
ment and short time in the 1930s. 

The two men who will manage the hot 
and cold strip mills are both in their 
early thirties. James 
Watson, manager- 
designate of the hot 
strip mill at Ravens- 
craig, is 34. His 
opposite number at 
Gartcosh, James 
Easton, is 31. Both 
have been through 
Colvilles' 'sandwich' 
courses at the Glas- 
gow Royal College of Science and 
Technology. Both are brimful of con- 
fidence in themselves, their industry 
and the future of Scotland. 

Says Watson : "This is the finest 
thing that has ever happened to me." 
Says Easton : "The prospects couldn't 
be belter." 




WATSON: 
"I'incst thing that 
ever happened" 



Issued by the British Iron and Steel Federation 
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This piece of garden sculpture is a good deal smaller than it 

looks — in fact about 8 inches high. It is the balance beam of a well-known 

type of indicating counter scales; a pressure die casting 

with the hardened steel knife edges cast as inserts, and positioned 

with complete dimensional accuracy and dead parallel. Sparklets die castinjs by... 



THE BRITISH OXYGEN COMPANY LTD ■ SPARKLETS WORKS 



LONDON N. 17 



TEL: TOTTENHAM 0881 
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why 
work 
it out 

EVERY 
TIME 



A BLUNDELL 

TECHNICAL CALCULATOR 

can be PURPOSE DESIGNED 
to give you the answer to any formula 
IN SECONDS! 

These precision built slide rule calculators can 
be individually designed to simplify enormously 
the figure work involved in your scientific or 
technical research and routine. 
Blundell special slide rules and scales are already 
being used by Fisons Pest Control Limited, 
Holman Brothers Limited. Siemens Edison 
Swan (Export) Limited. Underwood Business 
Machines Limited, and Wiggins. Teape & Alex. 
Pirie Limited to provide the answer to all sorts 
of recurring calculations. 

Tell us YOUR problem and we will show you 
what has been done before and what can be 
done for YOU — all without any obligation 
whatsoever. 

* " BLUNDELL RULES LIMITED 

Regutus Works, Lynch Lane, Weymouth, Dorset Tel: Weymouth 3275/6 

TAS/BL.7 




ROLLS-ROYCE 

Apprenticeships 

Lead to satisfying and rewarding 

Careers 



Full information from :- 
THE TRAINING MANAGER - ROLLS-ROYCE LIMITED 
DERBY 




"why weren't we told... " 



asked Mr. Bold, "about thermal insulation?" 

PERSONNEL OF COMPANIES moving lo new premises immed- 
iately notice the winter and summer comfort which per- 
tains in factories insulated to the standards of the Thermal 
Insulation (Industrial Buildings) Act. Managements con- 
gratulate themselves on the reduction in fuel costs and 
heating equipment, the year-round comfort attained, the 
built-in fire protection, the improved productivity. . . . 
These benefits can accrue to all companies — wilhout 
moving to new premises — as numerous firms have proved. 
A letter to Newalls will bring free advice and estimates 
based on over 50 years practical experience. 



^^^/^^-NEWALLSjNSUlATlON! 



lEWALLS INSULATION COMPANY LIMITED, WASHINGTON, CO. DURHAM. • A MEMBER OF THE TURNER k NEWALL 0R6ANISATI0N 



10 



Ntvs SCIHNTIST (No. ;16). 5 JANUARY 1961 




Tl 

encourages 
the young 
idea 



Tube Investments cneouragcs youth and invrniivc- 
ncss, and promotes the research that leads (o 
invention. It u eleomes the young idea. It fosters new 
discoveries and techniques that become the basis of 
new industries. It helps its young people by (raining 
and scholarships to colleges and Universities. „\nd 
the sc6pc is wide : TI involves sixty-five companies 
in Britain and forty associates and subsidiaries 



overseas. It makes prec ision tubes, electrical appli- 
ances, rolling mills; it makes steel; it mines bau.xitc 
and produces aluminium in all its forms . . . That TI 
has grown big and is growing bigger, owes much to 
constant infusions of youthful curiosity and keencss. 

TUBE INVESTMENTS LIMITED 

The AficlphI, London. W'.Ca 
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In the new underground plant 
at Fort Dunlop the testing of 
tyres at very high speeds is 
being facilitated by the use of 
television. Enormous centri- 
fugal forces are developed on 
test tyres at speeds in the region 
of five hundred miles an hour 
and, for reasons of safety, all 
operations are directed from an 
above groimd control room. 
The industrial television system 
consists of two Pye cameras 
mounted on separate pedestals 
travelling along an optical 
bench. These are situated 
undergroimd in a cubicle just 
outside the machine chamber. 



1 1 




pl^r^TVin Research 



The precision control of camera 
movement and lens change is 
achieved in the control room, 
where two 14 inch monitors, 
centrally placed between two 
banks of recording instrtmients, 
present the selected camera 
views; in addition, a calibration 
grid, electronically superim- 
posed on the television image, 
enables tyre movements to be 
measured accurately during 
the tests. This sj'stem gives the 
operators the closest possible 
obscr^'atton under conditions 
of perfect safety. 




PYE T.V.T. LIMITED 
II, H i n d e Street, London W 



INDUSTRIAL DIVISION 
Telephone: AMBassador 3044 
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eight and a quarter miles 
of Ciass I welding 





costing £4^7$fi fy^ alone 



During 1959 the Jolin Thompson Group carried out no 
less than 4J.688 feel (approx. s; miles) of 
Cia>s I welding on niitd steel, stamlc^s >tcel and 
Other alloys, livoo inch of this was 
examined by X-ray photograpln . u-.int: )2' miles of 
tilm: the cost of film alone s^.i L 17ss. 
In all lliis length the percentacc <•( ikicvls proved 
very low indeed, a slrikiny tribute lo ilie 
skill and trainint! of our expert \ieKlers. 




JOHN THOMPSON {WOLVERHAMPTON) LTD. WOLVERHAMPTON 
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Notes and Comments 



Who next ? 



THE New Year opens to the reverberations of the testing of the third 
French atomic bomb in the Sahara. The year 1960 ended with specu- 
lations about whether the Israelis might make military plutonium in the 
24 MW reactor they are building with French aid in the Negcv; and 
with a warning in New York by Sir Charles Snow that if enough nuclear 
weapons are made by enough different countries, some of them are going 
to blow up. As long as the development and construction of weapons 
proceeds without restriction the "nth country problem" will continue 
to harass an already nervous world. 

Following the example of the USA, the Soviet Union and Britain, 
France appears to be aiming to equip herself with serviceable nuclear 
weapons and the supersonic aircraft to deliver them in about three years' 
time. It is difficult to believe that China, which is known to have research 
reactors and may well have large reactors also, can be far behind. Apart 
from these two countries, any that has SlOO million to spare, has the 
appropriate modern industries and has embarked on a programme of 
nuclear research and engineering, could produce its first bomb with- 
out much difficulty within five years. 

For the sake of its peaceful application, the "know-how" of nuclear 
engineering is being widely spread throughout the nations of the world. 
As a matter of policy, the USA and Britain have insisted on assurances 
that reactors supplied to other countries will not be used for military 
purposes. However, the basic methods of nuclear weapons are now 
common knowledge, and if the will to make them exists the means will 
be found; experience gained in peaceful research will be readily adaptable 
to military ends. 

It may in future be easier to make nuclear weapons. If the designs 
developed by the experienced bomb-makers for "tactical" weapons of 
relatively low explosive power could by great ingenuity be matched by 
other countries without experience of standard bombs, their requirements 
of fissile materials for their first bombs might be less. If experiments in 
controlled nuclear fusion reached the point at which they can provide a 
copious supply of cheap neutrons, it might be easier to convert natural 
uranium to plutonium explosive without the use of a large fission reactor. 
And if someone were to find a way of detonating a fusion (H) bomb 
without a fission (A) bomb core, the last brake on Mankind's ability 
to make explosions would be gone. 

Even without such developments the situation is bleak enough. The 
well-known techniques for making U-235 in isotope separation plants 
or plutonium in reactors can carry many nations along th? road to nuclear 
armament. If a rush were to begin — in a chain reaction of rivalry, pride 
and fear — the edifice of international cooperation in the peaceful uses 
of nuclear energy, no laboriously erected during the last few years, would 
be swept aside. If the number of countries possessing nuclear weapons 
increases from four to, say, eight, the number of pairs of such countries 
which could come into conflict increases far more rapidly from six to 
28. The problems of negotiating and policing a world-wide disarmament 
agreement might quickly reach the point of hopelessness. Perhaps, as the 
risks of delay become more starkly apparent, 1961 will see far more 
progress towards disarmament than the years which have lately passed. 




European astronomers look 
to southern skies 

THE European astronomers, the de- 
scendants of Galileo and Herschel, 
have no really big telescope to call their 
own. Their largest is the 74-inch reflector 
at St. Michel de Provence : the largest 
planned, the 98-inch for Herstmonceux. 
But with the 200-. 120- and 100-inch in- 
struments in the United States and the 
236-inch giant that the Soviet Union is 
proposing to build, it may be doubted 
whether there is any justification for fur- 
ther very big instruments in the northern 
hemisphere until the needs of the south- 
ern skies have been better met. Last 
month a group of West European astro- 
nomers who have long been anxious 
about this situation met in Paris to dis- 
cuss their project; there were representa- 
tives from France, Belgium, Holland, 
West Germany and Sweden, with the 
United Kingdom present as an observer. 

The idea is to build a 120-inch re- 
flector telescope as a collaborative ven- 
ture somewhere in the southern hemi- 
sphere. Astronomers from all member 
countries of the union would have the 
use of it for their work. The costs, which 
are bound to be considerable, would be 
shared between the sponsoring countries. 
In one stroke European scientists would 
gain an outlet to a large telescope which 
they at present lack and have at their 
disposal the largest telescope available 
for observing the rich southern skies. 

Australia and South Africa seem to 
offer the most promising sites for the 
location of the projected telescope. If it 
could be located at an already existing 
observatory such as that at Mount 
Stromlo outside Canberra or the Rad- 
clifTe Observatory, Pretoria, much of the 
ancillary cost of approach roads (to 
bring the instrument to the site) and of 
living quarters and other buildings would 
be reduced. Various situations have been 
under consideration by the promoters of 
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the European scheme, but no final de- 
cision has been taken. Present thinking 
seems to favour a site in South Africa. 

The live European countries involved 
in the scheme are definitely planning to 
go ahead, (hough it is not yet clear how 
much their respective governments are 
prepared to contribute. And where does 
Britain stand in the matter? When the 
plan was first mooted four years ago. 
Britain wished no part in it. At the recent 
meeting, her participation as an observer 
suggested a softening in the Govern- 
ment's attitude. The two largest tele- 
scopes .south of the Equator are in 
Commonwealth countries, but this does 
not solve the problem of gaining an out- 
let for British astronomers to a really 
large telescope. No doubt the comment 
of the recent annual report of the Advis- 
ory Council on Scientific Policy, on the 
handicap of not having a large telescope 
available, will have its influence. 



When the wheel rolled 
into Europe 

WAR has obviously done a great deal 
for the arts of peace. If an Italian 
archaeologist reasons aright, at least one 
of the first pairs of horse-drawn wheels 
to roll into south-eastern Europe car- 
ried fighting men on the chariot platform. 
The oriental design of the wheeled 
vehicle has long been recognized. Ac- 
cording to the late V. Gordon Childe and 
others, it seems to ha\e turned up first 
in the Uruk period at Sumer in Mesopo- 
tamia during the first half of the fourth 
millennium BC. In the current /V()ri'(<///!,i,'.v 
of the Preliistoric Society, Emmanuel 
Anaii carries the story of the progress of 
wlicclcU Irunspoil several .stages further 
by tracing its earliest known forms from 
Anatolia, where the Sumerians left it, 
via the Hittites. and then on to central 
Spain, northern France and Scandinavia. 

To a great extent he has had to de- 
pend on ancient drawings and engravings 
of what appear to be war vehicles on 
tombs, rocks, caves and graves, and 
these were left behind almost exclu- 
sively on behalf of the nobility. Presum- 
ably nobody else could alTord what were 
the Cadillacs of their day, and if 
labourers" wheel-barrows or muck-carts 
pre-dated them they have gone unre- 
corded so far. 

Anati says the chariot was introduced 
into Palestine and Egypt with the 
Hyksos or Sliephcrd-kings invasion in 
the ninth or tenth century bc and into 
.Anatolia, most probably as the result of 
Hittite invasions, shortly afterwards. 
The most northern points of Europe 
where Bronze Age chariots have been 




recorded are in Sweden, especially 
Kiwik, Scania and Frannarp. From 
drawings at Frannarp it is clear that 
wheels were symbolic of Sun worship, 
but whether solid or spoked wheels came 
first it is impossible to say : solid wheels 
arc still used on peasant carts in several 
parts of Europe. 

One- or two-hor.se chariots with wheels 
of between two and seven spokes spread 
most rapidly in the northern Mediter- 
ranean region about the lifteenlii or four- 
teenth century bc and Ihey travelled 
north up the famous Amber Road, the 
trade route from Italy to Schleswig- 
Holstein. and along the Western Road 
via the Po Valley and the Col di Tenda 
pass. 



Sun storm impeded balloon 
satellite's journey 

STUDYING effects of solar disturb- 
ances on our atmosphere forms an 
increasingly lively part of current science. 
On 12 November last. America's com- 
munications satellite Echo I. a 100 ft 
balloon which still circuits the Earth in 
just under two hours, increased its orbital 
period by two seconds as a result of the 
vK)Ient Sturm which "blew up" on the 
Sun. Two theoreticians al Goddard Space 
Flight Centre calculate that this is equiva- 
lent to doubling the very light atmo- 
spheric drag which acts on the satellite. 
R. Jaslrow and R. Bryant think that the 
change, which lasted for several days, is 
most likely to be due to an increase in 
the mean density of the atmosphere in 
the satellite's path. 

The altitude of Echo I varies from 619 
miles to 1.334 miles. At these heights 
the air is very thin and a large variation 
in its density can result from a slight ex- 
pansion of the underlying layers of the 
atmosphere. One process which could 
produce such an expansion is the heating 
of the atmosphere by radiation or by 
charged particles, both of which are 
emitted by solar flares. 

Only once previously has it been ob- 
served that the Sun's activity affected a 
satellite. That was in 1959. and the satel- 
lite was Sputnik III. It seems to be highly 



significant that both Sputnik III and 
Echo I pass through the outer Van Allen 
belt of charged particles which surrounds 
the Earth. Thus Van'^iiard I, confined to 
a latitude which does not permit it to 
intersect this belt, appeared to be un- 
affected by the recent solar storm. 

During periods of greater activity of 
the Sun, flare emission causes the Van 
Allen belts to fill and empty with charged 
particles, but the exact mechanism of the 
process is still obscure. The recent ob- 
servations on Echo 1 may help to elucid- 
ate the physics of the sudden heating of 
the atmosphere. 



Investigating the chemistry 
of mental disease 

IT is now established that certain men- 
tal defects in infancy and childhood 
are due to biochemical lesions in the 
nervous system. May some mental dis- 
orders in adults, such as schizophrenia 
and depression, be similarly caused.' 
Dr. Samuel Bogoch and his co-workers 
of the Neurochemical Research Labora- 
tories. Harvard Medical School. Boston. 
USA. have been able to detect certain 
biochemical changes in the nervous 
system i>f patients suffering from these 
diseases. 

Thcv have been studying the carbo- 
hvdrate-containing macromolccules of 
the central nervous system. One of these 
is brain ganglioside, which contains the 
water-soluble constitutents neuraminic 
acid, hcNosamine and hexoses on one 
surface of the molecule and the lipoid 
constituents, such as sphingosine and 
stearic acid, on the other surface. This 
arrangement suggcsieU iliat bruin gan- 
glioside might be a membrane substance 
involved in receptor and transport func- 
tions in nerve cells. Immunological and 
pharmacological studies by the Harvard 
workers have in fact shown that this 
substance can act as a receptor for 
various viruses and markedly stimulates 
transmission within the nervous svstem. 
B> the use of fluorescent antibod> tech- 
niques they have demonstrated that 
brain eanalioside is located in the nerve 
cell. 

The e\ idence is highly suggestive that, 
with related substances, brain gangliiv 
sidc may be involved in controlling the 
enirv and egress of a number of impor- 
tant constituents in the nervous .svstem. 
One readily accessible part of this is the 
cerebro-spinal fluid (CSF), which cir- 
culates in the brain and spinal cord. 
Dr. Bogoch and his group have shown 
that in schizophrenia the CSI* values of 
neuRiminic acid are low, and that in 



NEW SCIENTlSt (No. 210, 9 JANUARY 19«1 15 



many patients the level correlates with 

their condition. 

By careful fractionation they have 
estimated two other substances, hexo- 
samine and hexose, which are combined 
with neuraminic acid in the macro- 
molecular glycoproteins of the CSF. In 
patients with manic psychoses very high 
values for macromolecular hexose were 
observed — 500 per cent above normal in 
some. In chronic brain diseases and 
manic psychoses the macromolecular 
hexosamine was elevated. In untreated 
schizophrenics, however, the macro- 
molecular neuraminic add was low. It 
was observed flat in schizophrenics 
under treatment, either by drugs or elec- 
tro-ccmvtilsive therapy, glycoproteins 
were synthesized with a normal or even 
supranonnal level of hexosamine in the 
CSF, although subnormal amounts of 
neuraminic acid were present. 

It would appear that there i.s a dis- 
turbance in the .synthesis of macro- 
molecular hexosamine and neuraminic 
acid in schizophrenia. The level of hexo- 
samine is influenced by treatment, but 
that of neuraminic acid is largely un- 
affected. Since hexosamine is a sjn- 
thetic precursor of neuraminic acid, this 
accumulation of a precursor without 
that of its derivative suggests the pos- 
•ilrility of an enzyme block in the ner- 
vous system in schizophrenia. 

Atomic, earthquake and 
oil scientists meet 

THERE has been a certain coolness 
of politicians towards scientists since 
the experts changed their agreed 
opinions about the feasibility of detect- 
ing clandestine atomic bombs. However, 
a meeting recently at Cambridge 
showed that, in Britain at least, active 
steps are being taken to resolve the 
differences that have arisen between 
American and Russian scientists. The 
Atomic Weapons Research Establish- 
ment arranged that its people engaged 
on sdsn^ Invest^tions should ^ to- 

gtber with the Cambridge University 
iophysics Department and with earth- 
quake seismologists and oil geophysicists. 

The earthquake experts and the oil 
prospectors told the atomic energy scien- 
tists how they operated; and, in turn, 
they were given an up-to-date account 
of the listening problem, which has been 

acccnlualcd by the idea that bombs 

could be niuflled by exploding them in 
largo underground air-tilled cavities. 
However, while the present state of the 
seismic art is not adequate to detect all 
explosions that occur underground, it is 
certainly possible to pick up any large 
ones, and there are several promising 




lines along which improvement might 
take place. It would, of course, acceler- 
ate the improvement if the proposed 
world network of test-control stations 
were to be set up straight away in order 
to gain more experience of the earth- 
quakes. 

It was interesting to hear some of 
the diehards defending the traditional 
method of visual reading of seismo- 
graph traces against those who wished 
to make the process completely auto- 
matic. Some new blood from telecom- 
munication and radio research has ob- 
viously been brought into the AWRE 
team, and it looks as if there will be 
some real advances in technique. There 
is one great advantage of automatic 
reading of records: the machine can be 
set to operate to an agreed set of rules, 
and arguments as to the interpretation 
of a particular squiggle on a record will 
be avoided. The machine will decide 
whether a particular event is an earth- 
quake or whether it is of doubtful origin 
and therefore should be investigated 
further. 

It is to be hoped that similar meetings 
are going on in the USA and Russia, 
and that Earth scientists the world over 
will take an interest in the prospect of 
woiking for peace. At the same time, 
of course, natural curiosity about the 
inside of the Earth will be satisfied. 
Professor Beloussov has suggested, for 
example, international cooperation in 
finding out about the upper part d the 
Earth's mantle. Apart from uie Mohole 
I«oject to sample the nsantte rock, a 
great deal oC mformatioh can be ob- 
tained hy seismdogtcal studies. To make 
the best use of the infmnation provided 
by earthquake waves it is necessary to 
have a more comprehensive network of 
recording stations than exists at present. 
Furthermore there is a need for newer 
equipment and some Standardization of 
instruments. 

The British Association led the world 
in establishing earthquake observations 
at the end of the last century. A little 
leadership now could produce another 
revolution in the subject. It is a good 
sign that the atomic energy authorities 
are encouraging experienced Earth 
scientists to cooperate with them. 



May the High Dam be another 
plague of Egypt ? 

IT is extraordinary that in these times 
the consequences of a major engineer- 
ing project should be in serious doubt 
Nevntbdess. the proposed High Dam 
across the Nile at Aswan has recently 
come under fire from experts predicting 
dire catastrophe for Egypt. 

A few weeks ago, in two papers read 
at the Institution of Civil Engineers, 
A. A. Ahmed, formerly of the Egyptian 
Ministry of Public Works, attacked the 
whole concept of the High Dam. Its 
success or otherwise, in storing water 
from one year to the next to even out 
annual fluctuations, hinges on the im- 
portance of silt. The Dam's defenders 
argue that seepage losses of water into 
the underlying porous rocks are likely to 
be negligible because of silt blockbg up 
the interstices. Dr. Ahmed, however, 
approached the question by comparing 
the history of silting of the present Aswan 
Reservoir with that likely to occur in the 
High Dam Reservoir built on the same 
rock formation. His startling conclusions 
were that the \shole of the Nile discharge 
could easily be lost b\ seepage during the 
first twenty years of the High Dam^ life; 
that the following ten years would show 
a deficit in Egypt and the Sudan of about 
70 per cent of their present quota; and 
that only after this would these countries 
get a moderately increased water supply 
of some 20 per cent from the project. 

In addition to this possibly devastating 

outcome of the scheme, considerable 
amounts of silt — a valuable fertilizer and 

soil-forming agent — would be checked 
by the Dam. The resulting clear water 
might undermine the permanent struc- 
ture of the river by increased erosion. 

Now, sharp criticism comes from a 
quite different direction — from a Univer- 
sity of Michigan zoologist, Professor H. 
van der Schaiie. He contends that the 
artificial lake, with its concomitant uri- 
gation ^stem, would form an ideal in- 
strument for the spread of a schistoso- 
miasis (bilharzia) epidemic. This disease 
is one of the worst scourges of the under- 
developed countries and already weakens 
many Egyptians to the point of being 
unable to work. The parasitic worm to 
which it is due lives for part of its life 
cycle in a certain kind of snail. Breeding 
grounds for this snail w'lW he vastly in- 
creased in size as a result of the greater 
area of water checked by the High Dam. 
It is both difTicult and expensive to con- 
trol the snail and thus, until there is an 
effective public health programme, the 
agricultural land expected to be improved 
by the Dam may suffer a aliortage of 
farmers to work it. 
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Natural gas development in 
the Soviet Union 

THE present seven-year plan of the 
USSR lays special emphasis on the 
development of the gas industry and the 
increasing production of natural gas. 
The Russians appear to be acutely con- 
scious of the elevenfold difference in 
natural gas output between themselves 
and the United Stales, and intend to 
make great efforts to reduce the disparity 
to a threefold difference by 1965. 

For many years natural gas occupied 
a very minor place in Russia's total fuel 
resources. From 1940 to 1955 it grew 
from 2.0 to 2.6 per cent. A more rapid 
growth took the figure to 6.5 per cent 
in 1958. The .seven-year plan is hoped 
lo raise it to 21 per cent. 

Until recently, prospecting for natural 
gas has been only incidental in prospect- 
ing for oil. but in the next five years it is 
planned lo drill 15 million metres of deep 
prospect holes for gas alone. The re- 
sources already found and substantiated 
by geological data give grounds for 
planning the high rate of development. 

The programme calls for large-scale 
automation in the gas fields, which will 
enable the number of personnel to be 
reduced by a factor of ten to fifteen. 
Capital investments in automation 
should be repaid in about five years. By 
1965 automation will be used in about 
three-quarters of all the gas fields. 

The major development problems are 
transportation and storage. The mileage 
of gas pipelines in Russia is growing 
much faster than gas output; since 1940 
gas output has increased 8.7 limes, while 
the pipeline network has extended 
almost 40 times, reaching, this year. 
17,000 kilometres. The .seven-year plan 
should see the addition of another 26.000 
kilometres. Bearing in mind, however, 
the comparative (1956) figure for the 
United States of 716,000 kilometres, it 
seems that the Ru.ssians still have a long 
way to g(>. 

The expense of transpt)rling natural 
gas constitutes the greater part of the 
cost; it is 80 per cent for the USSR and 
73 per cent for the USA. These costs are 
dependent on the engineering of the 
pipelines. I'or example, increasing the 
pipeline diameters from 72 to 102 centi- 
metres cuts the delivery cost by over a 
third. Another method of reducing costs 
is to use plaslic instead of metal pipes, 
and experiments arc also being carried 
out with asbestos-cement pipes, which 
arc corrosion-resistant. 

The seasonal ffuctuation in the de- 
mand for gas necessitates some kind of 
storage system. The most economical 
way of storing gas is to pump it into old, 
exhausted natural-gas fields. This is 



already being done on a large scale in 
the United States, and covers at least a 
third of the total requirements in the 
winter months. 

In Russia the exhausted Bashkatov 
and Amansky deposits have both been 
used for storage, and work is going on 
near Moscow. Leningrad and Kiev on 
the exploration of porous strata that 
would lend themselves to storage. In the 
absence of exhausted gas deposits near 
these cities, it is planned to utilize water- 
bearing strata. 



Chemical industry on view 
to careers masters 




How can a schoolteacher tell his 
boys the facts of industrial life? 
This week sees an attempt by the British 
chemical industry to give careers 
masters an overall view of how it works. 
The Careers Masters' Convention, run 
by the Shell Chemical Company and the 
Public Schools Appointments Bureau, 
with the active cooperation of most of 
the great chemical companies, is an im- 
portant step forward. 

Groups of careers masters have been 
encouraged in the past to take fleeting 
glimpses of individual firms, and they 
are continuously deluged with literature 
from industry furimi.sly competing with 
itself for the services of their charges. 
This week the chemical industry has 
taken the pressure off the sixty members 
of the convention. Instead it has given 
them a calm appraisal of the organiza- 
tion and function of the chemical in- 
dustry in the course of four distinguished 
lectures, and has then taken them off to 
sec for themselves. 

The content of the course has been 
carefully planned to give as wide a view 
as possible. The visits have been to the 
research department of the Distillers' 
Company, to Shellhaven and Fisons' 
fertilizer plant at Slanford-le-Hope. and 
to the Technical Services Laboratories 
of the ICI plastics division. The school- 
masters have in fact learnt a very great 
deal— within the limitations that the 
establishments they have seen are among 
the finest of their kind and thai many 
induslrial chemists work in conditions 
considerably inferior to these. 



Trapping the torrents 
of Baluchistan 

THE Pakistan food problem has set a 
British irrigation engineer exploring, 
by bicycle and camel, the repellently 
barren hills of Baluchistan. He has been 
serving as a Food and Agriculture 
Organization expert advising the Govern- 
ment of West Pakistan about schemes for 
disciplining the numerous intermittent 
mountain torrents that flow into the right 
bank of the the Indus river. Large dams 
to store ihe torrent water could extend 
existing crop irrigation systems and con- 
trol measures would safeguard the irriga- 
tion canals along the right bank of the 
river from the excessively destructive 
Hooding which occurs, on the average, 
once ever> ten years. 

In his report Mr. George Meade sug- 
gests that in the Peshawar region it 
would be feasible to conserve the waters 
of two of ihe major torrents by means of 
two interconnected dams. Hydraulic data 
on these torrents are now being col- 
lected as a first step towards possible im- 
plementation of the scheme. 

.Around Dera Ghaki Khan, where the 
torrents are more numerous and more 
destructive, the potential threat to cul- 
tivated land in the plains makes ii neces- 
sary to plan for control as well as for 
utilization of the water flow. The costs 
of building flood control dams would be 
very high, but Mr. Meade suggests the 
creation of an enormous lake, by building 
up artificial earth walls, thus to hold 
back the peak floods. The actual spoil 
bank of the Dera Ghazi canal could 
form one wall of the lake. At another 
site, where a storage dam would quickly 
silt up, a troublesome torrent might be 
tamed by constructing a retarding dam 
lo slow dow n the normal two-days* flood 
discharge, spreading it over a period nf 
two weeks. 

Mr. Meade is one of the first engin- 
eers lo explore fully the numerous 
rav ines of the region. The excellent maps 
of Baluchistan provided by the 1907 
Survey of India proved a most helpful 
guide lo ihis eroded and barren hill 
country. 



Self-medication studies on 
a housing estate 

IN •spite of the National Health Service 
British pharmacists continue to .sell 
large quaniilics of preparations for .sclf- 
medication (perhaps £20 millions-vvorih 
.1 year I vvith the aid of advertising through 
the Press, radio and television. Dr. J. H. 
Robertson and his colleagues have col- 
lected some interesting information on 
the behaviour of the public in a survey 
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made by personal interview in a com- 
munity living on a new LCC housing 
estate. 

Admittedly the sample was somewhat 
restricted as those questioned were 
mainly skilled and unskilled manual 
workers, clerical workers and shop 
assistants. Such a community would con- 
sist largely of middle-aged persons with 
a greater number of children than in the 
general population. 

The two commonest medicines which 
they take without medical advice are 
aspirin and laxatives. Aspirin, regarded 
almost as a panacea, is taken for such a 
wide variety of ills as rheumatism, back- 
ache, headache, coughs and colds, 
nervous trouble, bad teeth, insomnia and 
menstrual disorders. Laxatives are given 
regularly to 90 per cent of the children 
in the families questioned, but for pre- 
ventive reasons and not to relieve con- 
stipation; 44 per cent of the adults took 
laxatives for the same reason. Next in 
order of popularity came tonics, sore 
throat tablets, indigestion remedies, eye 
lotions, embrocations and "rubs" for 
rheumatic pains and sprains, and vita- 
mins. 

Self-medication is not an alternative 
to visiting the doctor. In fact. Brotherston 
and his colleagues noted that those who 
dosed themselves frequently saw their 
doctors more often than those that did 
not. They were evidently the medicine- 
conscious section of the public. For the 
treatment of minor ills and aches and 
pains, reasonable self-medication does 
little harm. It relieves the pressure on the 
general practitioner, particularly in the 
winter months, and benefits the Ex- 
chequer by reducing the drug bill of the 
National Health Service. 



New industrial uses 
for uranium ? 

THE Canadian Minister of Mines. Mr. 
Paul Comtais, announced recently 
that scientists in his department have 
found a method of alloying small quan- 
tities of uranium with steel, in the pro- 
portion of a pound of uranium to a ton 
of steel, to produce a metal with im- 
proved strength, high-temperature pro- 
perties and resistance to corrosion. This 
could be done without a substantial in- 
crease in costs. 

Research on the .satisfactory ulloying 
of uranium with steel has been going on 
at least since the first World War, and 
is at present also being conducted by 
the United States Bureau of Mines. If 
the Canadians have succeeded, this may 
well constitute a significant advance in 
metallurgy. A patent has been taken out, 
and future research will be carried on by . 




the Uranium Research Foundation, 
which has been formed by the Canadian 
uranium mining industry. 

There has been a need lately to find 
new uses for uranium, because British 
and American orders have not been as 
large as anticipated, and the capacity 
for uranium production in Canada is 
far from being fully exploited. South 
Africa and Australia, also large pro- 
ducers of the metal, would also welcome 
a use for it in the steel industry. 



Electronic "responders" on 
the airliners 

IT will almost certainly not be long 
before airliners of Britain and the 
USA have to carry electronic "rc- 
sponders", now that the two Govern- 
ments have agreed on the technical stan- 
dards to be met by "secondary sur- 
veillance" radar. The responders are 
simple devices which, when triggered by 
a radar beam, automatically send out 
u signal designed to identify the aircraft. 

The principle provided, during the 
war. a means of distinguishing friend 
from foe; and for several years past 
Royal Air Force controllers have used 
apparatus of this kind when military air- 
craft have had to cross commercial air- 
ways in Britain. An improved system of 
secondary surveillance will soon be on 
test at London Airport, while a similar 
station to watch Atlantic traffic is being 
prepared in Cornwall. 




"He iays it's too cold." 



Secondary surveillance adds to the in- 
formation derived from the normal radar 
watch, on whose screen a simple "blip" 
represents each aircraft within range of 
the scanner and affords the means of de- 
termining the height and range of the 
aircraft. Sometimes the controller needs 
more precise information; and these 
occasions will multiply as air traffic 
thickens and speeds increase. 

Secondary radar can then be used by 
the controller either to improve his 
observation of a particular aeroplane's 
course and speed or to make sure that a 
particular aeroplane is in the position and 
at the height he believes. In the British 
system two kinds of response are pos- 
sible. One simply makes the aircraft's 
blip on the screen bigger and brighter, 
so enabling the controller to pick it out 
and track it among all the other blips; the 
second is an act of self-identification, in 
which the transmission from the aircraft's 
responder puts ail extra blip alongside 
the original one on the screen. 

This system is capable of development 
so that an actual code, giving identifying 
letters, could be transmitted by a re- 
sponder, but no plans have yet been 
made to that end. For the present, assur- 
ance that the aircraft under observation 
is not being confused with any other in. 
the neighbourhood will add greatly to 
control efficiency. By doing it in this way, 
with automatic devices, time will be 
saved and what an airways captain the 
other day called "the babble on the 
radio" need get no worse. 

Captains will still have to be told what 
to do by the controllers, but there will 
be less need for passing position and 
height reports over the radio. Anglo- 
American agreement on standards for 
secondary radar will not mean uniform- 
ity of apparatus (a British and an 
American set have been developed), but 
it will define the requirements so that 
responders will answer in both systems. 
There is little doubt that the operators 
of other nations will resort to similar 
equipment. 



A new experiment for an old 
Polar explorer 

NEWS of a septuagenarian in the 
Antarctic on a scientific mission may 
startle younger men, even in these days 
of air travel and relative comfort. In the 
present instance, however, the explorer 
is no stranger to the rougher aspects of 
polar life. Fifty years ago Sir Charles 
Wright was a member of Captain Scott's 
ill-fated expedition to the South Pole — 
ill 1912 he guided the search party which 
found the bodies of Scott and his com- 
panions. During the second World War 
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he was chief of tbe Royal Naval Scientific 
Service. 

Now at 73 he is patting together 
apparatus to study 'Vhistlers" at Byrd 
Station, near the South Magnetic Pole. A 
whistler is a low-frequency radio signal 
caused by a lightning discharge: it has 
the property of bouncing backwards and 
forwards like a shuttlecock from one 
hemisphere to another along a line of 
force in the Earth's magnetic field. 

Both Sir Charles and his colleague, 
D. J. Evans, are attached to the Pacific 
Naval Laboratory, Esquimalt, British 
Columbia. L. H. Martin, a New 2^aland 
scientist at Stanford University, with 
another team from the PNL, is setting up 
this month a second radio detection 
station at the norUiem end of tbe 100.000- 
mile fine of maradtic force. Tliis will be 
on the Great Whale River, Hudson's 
Bay, close to the North Magnetic Pole. 

Each of the whistlers originating near 
to these observation posts may echo up 
to 25 times between them. The lines of 
force reach about 3().0()() miles upwards 
into the sparse atmospheric regions 
known as the exosphcre. The participants 
expect the experiment to reveal more 
about this region and its degree of ioniza- 
tion. In this respect it will add to infor- 
mation gained from satellite observations. 

The Antarctic party is to detect radio 
wave^ in the very low frequoicy range. 
The northern scientists, although their 
equipment overlaps part of this range, 
will study rather more rapid waves. 
Previous work on whistlers has largely 
neglected the low frequency part of the 
spectrum, and this experiment is signifi- 
cant because it is just these radio waves 
which are able to pass through the iono- 
sphere, 60 miles above us, without being 
reflected. 

World's smallest tube : 
record intact 

ONE of the classic stories of Anglo- 
American engineering rivalry is 
about tbe American firm that sent a 
sample <^ '%e world's smallest tube" 
across the Atlantie. It was returned with 
an Accles & Pollock tube threaded in- 
side it. That was nearly forty years ago, 
uid since then precision tubes have got 
progressivdy smaller as techniques have 
improved. 

Now, however. Ihc Americans have 
tried to get their own back. In the new 
edition of the e\er-fascinating Guiimcss 
Book of Records the old entry for the 
world's smallest tube, which gave the 
credit to Accles & Pollock with a tube 
only one-thousandth of an inch in out- 
side diameter, has been revised in favour 
of an American firm, Superior Tube 




Coni[jany, who made a tube only three- 
quarters of one-thousandth of an inch 
in diameter. 

But the record, wc are informed, has 
now returned to Britain, for Accles & 
Pollock have produced a tube even 
smaller than the newest American 
claimant. It has an outside diameter of 
.000733 inch and the diameter erf the 
bore is .0001 inch. This newest version 
of the world's smallest tube is only a 
quarter the thickness of human hiair. 
One hundred and twenty miles of it 
would we^ only a pound. Such tubes 
are nude for the sake of developing the 
techniques of tube making; but they do 
find occasional applications — ^for ex- 
ample, in experiments on the artificial 
insemination of Queen bees. 

A few years ago a \isitor to the 
Accles & Pollock Oldbury wi)rks re- 
marked that they seemed able to do 
everything to tubes except turn them in- 
side out. What was intended as a com- 
pliment was taken as a challenge, and 
Mr. W. W. Hacket, veteran president 
of the company, got to work with some 
of the firm's de\elopment staff and 
showed that they coiihl turn tubes inside 
out. One was sent as a present to the 
visitor who had made the remark. 

Some time later a uni\ersity pro- 
fessor, visiting the works, was told the 
story and shown a tube turned inside 
out for half its length. It proved to be 
just what one university department 
needed as a seamless vacuum flask for 
research work at temperatures near ab- 
solute zero — and what had started as a 
joke became a new product 
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Mincing words about the 
Rhodesian slaughter 

THE annual reports of government 
game departments are usuLilly a 
curious mixture of official cupiieiiiisms 
and implied but unanswered questions. 
They give the impression that animals 
are never shot or destroyed: they are 
"culled", or at worst their numbers are 
"curtailed" or "reduced". At times this 
sort of language can get unpleasantly 
near the truth. The current report of the 
Department of Game of Southern 
Rhodesia talks, for instance, of the 
elephant "wastage" during the year uadet 
review. This amounted to some 430 
anhnals. But when the administration 
goes on to say that as the number of 
elephants destroyed "falls short cf 
natural increase" and the rate of destruc- 
tion in the future "will have to be stepped 
up", an outsider is left with the impres- 
sion that the careful harvesting of 
elephants would be more profitable than 
the expensive ranching of fly-blown 
Huropean cattle, with 'its catastrophic 
etlecl on the native fauna. 

Similarly, the report speaks of the 
successful "spraying" of the Quelea 
finches on the Chipangayi nesting site of 
about 109 acres. Now this finch-like bird 
is an undoubted pest, congregating in 
locust-like numbers and ravagiing rice 
and other crops. But with what was it 
sprayed? The answer seems to be 
parathion and burning parafiSn from 
flame-throwers. But all that can be learnt 
is that "some millions" of birds were 
destroyed. More information is obviously 
needed. 

The most paradoxical part of the 
whole report relates to Operation Noah, 
the unimal rescue ser\ ice set up :vt 
Kariba in the flooded Zambezi valley. It 
has been estimated that at most some 
four or five thousand animals were 
"saved" in this operation. (The quotation 
marks around "saved" are necessaiy 
because nobody yet knows what happens 
to an animal that is forcibly introduced 
into a new habitat.) 

During the same period when a maxi- 
mum number of 5,000 animals were 
saved, the Department of Game in one 
year shot more than three times as many 
(18,583) in tsetse fly control measures. 
This brought the grand total of native 
animals destroyed in the tsetse campaign 
to 678,187. This figure includes approxi- 
mately 6.600 buffalo, 9,200 zebra. 
10,200 eland, 88.000 kudu, 37,000 sable 
antelope, 193,000 duiker, 54,000 
baboon, 21,000 bushpig and about 500 
leopard. Might it not be more profitable 
from all points of \ie\\ to dispense en- 
tirely with the Department of Ciame iind 
establish a local conservation unit? 
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Towards giant space vehicles 

With increasii^ size, of rocl^ets and improvanents hi 
propellants, it can be accepted that the launching of 
a space vehicle as heavy as Comet aircraft is witiiin 

sight. Moon surveys by a passenger, and ultimately 
human landings, are probable during the next ten years 



by Professor A. D. Baxter 
de HaviUmd Engine Co. Ltd. 



TEN years ago very few people had 
much belief in the prospects of firing 
rockets into space, and even five years 
ago. when the USA and the USSR an- 
nounced their intentions of launching Earth 
satellite vehicles, both projects still seemed 
slightly fantastic. It is now a little more 
than three years since the Russians put the 
first artificial satellite into orbit, yet de- 
velopment has proceeded at such a pace 
that no longer does anyone wonder at 
space vehicles, but only at what the next 
success will be. The Americans have always 
publicized their future intentions and, al- 
though success has not always come at the 
first attempt, they have bera fdlowing a 
definite programme. From time to time 
the programme has been revised in an 
effort to keep abreast of the Russians, but 
this does not afifect the objectives. On the 
other hand, the Russians have generally 
left the world in ignorance of their plans 
until their successful achievement. Occa- 
sionally they have allowed themselves to 
hint at future developments, and recently 
one such hint from Khrushchev himself 
implied their readiness to launch a 60-ton 
space vehicle. 

' This is almost the weight of a Comet 
aircraft, and nothing approaching it has 
yet been launched. Can we believe it is real 
and. if so, what are its implications for 
the future? To decide these points it is 
necessary to review the available evidence 
and make some assumptions on technical 
progress. 

Present Achievements. — Figure 1 demon- 
strates the growth in space vehicle pay- 
loads during the past three years for both 
Soviet and American rockets. It will be 
seen that these have increased by two 
orders of magnitude in about two and a 
half years, and one more order of magni- 



tude would bring the Russians close to 
the 60-ton mark. The curve would, how- 
ever, need to take a sharp change in rate 
of increase if this very large payload were 
to be achieved in the near future. On the 
other hand, the Americans have been lag- 
ging nearly an order of magnitude behind 
the Russians or, in terms of time for the 
same payload, one to two years. This con- 
tinues into the future, for it will be seen 
that the next big American step planoed 
is the launching of Centaur in 1961. This 
will probably have an initial payload of 
8000 lb and later 10,000 lb. The foliow-up 
to this will not be until 1963, when Saturn 
will provide payloads of 20J)00 to 25,000 
lb. Still farther into the future is the giant 
Nqvo, which is being planned for 1967. 
with payloads approaching SO tons. 
A programme of this nature appears to 



be a logical development, and we may 
argue from it that an immediate Russian 
satellite of this weight seems very unlikely. 
In the past such scepticism concerning 
Russian claims has been quickly dispelled 
by the results. There is, however, one 
difficulty in assessing and compariag pay- 
loads. In aircraft practice payload is the 
useful load delivereid, such as cargo or pas- 
sengers. In satellites this would correspond 
to the instruments, animals or useful 
equipment placed in orbit To carry such 
equipment a container must be provided, 
and it is usually accepted as part of the 
payload. In turn this container is carried 
by the final stage rocket which will, at 
the end of its propulsive effort, have en- 
tered the orbit as part of the satellite. All 
this dead weight is sometimes added to 
the useful weight and this may result in 
a misleading figure. In the case of Dis- 
coverer I, for example, the total weight 
in orbit was 1,300 lb, but only 245 lb was 
instruments. Similarly, Project Score was 
claimed as a record weight satellite. It was 
launched in December, 1958, using the 
Alias inter-continental ballistic missile as 
its booster. The initial weight was about 
244,000 lb, and its three thrust chambers 
gave a take-off thrust of 360,000 lb. The 
whole of this rocket, apart from the pro- 
pellant consumed en route and two thrust 
chambers discarded during the climb, 
eventually went into orbit weighing 8,750 
lb. Of this only ISO lb was useful instru- 
mentation. Incidentally, the structure was 
approximately 85 ft long and 10 ft dia- 
meter. This is of particular significance in 
comparing with Sputnik //, which was esti- 
mated from various ground observations 
to be about 80 ft long. It contained the « 
dog Laika and was stated to weigh 2,000 
lb, of which 1,120 lb was payload. 

Technical Progress. — Several questions 
spring to mind after examining the results 
achieved so far. The first is. obviously, how 
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have the Russians succeeded in getting 
ahead of the Americans? The second is 
how have the present advances been 
made? And a third is what can be ex- 
pected in the future? The answers must be 
largely surmise, but the principles in- 
vdved are quite definite and an examina- 
tion of them will give significant pointers. 

A payload is put into drbit by accelerat- 
ing it to a snfBdently high velocity, of the 
order of 264^0 ft per sec. A rocket will 
produce a velocity given by the formula 
Wa 

V=Vj lOge 

where v, is the rocket exhaust jet velocity, 
Wa is the all-up weight at the eommence- 
nient of firing, and We is the empty weight 
at the conclusion of firing. consists of 
payload P. propellant W p and structure 
Ws, while VV, is pavioad and structure 
NV\ ■ 

onlv. I he ratio is referred to as the 

We 

mass ratio. 

Generally Ihc practical values of these 
quantities are not sufficient to produce 
orbital velocity in a single stage, but the 
drawback is overcome by the use of several 
stages, as shown diagrammatically in 
Figure 2. In this, the first stage (Wai) is 
sufflciendy large and powerful to launch 
and accelerate the second and subsequent 
stages to some velocity V, before all its 
propdlant is used. At this point its empty 
tanks, engine and structure (WiO cannot 
hdp further and are discarded, leaving a 
smaller mass (WaO for the second stage 
to accelerate from V,' to Vs. The second 
stage structure (W$0 is then discarded in 
its turn, leaving a still smaller mass (Waj) 
to continue to V.,. Ultimately, the satellite 
weight P reaching orbital velocity will be 
only a small fraction of the original 

laLlnchiiig wciylit. 

If it is assumed that the mass ratio of 



each stage is the same and that the struc- 
ture weight of each stage is a constant 
fraction of the corresponding stage pay- 
load, the effect of this dead weight on the 
satellite weight can be seen in Figure 3. 
Thus, if a stage mass ratio of four is 
necessary with a three-stage rocket, the 
satdlite payload will be approximately one 
five hundredth of the initial launching 
weight Reducing structure weight by .50 
per cent in each stage will increase the 
payload to neatly 240 per cent, and a 
further reduction of structure weight to 
25 per cent will put up the payload to 
.^(K) per cent. 

Figure 3 also shows that if the neces- 
sary orbital velocitN could be reached with 
only two stages and the same mass ratio, 
Ihc payload would vary from 8(K) per cent 
to over 2.000 per cent according to the 
structure weight. 

Reference to the basic riKket perform- 
ance formula indicates that this improve- 
ment could be achieved only by an increase 
in the rocket jet velocity v\hich. in turn, 
depends upon the propellants. If the stan- 
dard propellant permits orbital velocity 
being reached with a three-stage rocket 
having stage mass ratios of 4. then a pro- 
pellant which was 25 per cent better would 
give the same result with stages having 
mass ratios of 3. This change in mass ratio 
peimits a greater fwoportion of the all-up 
wei^t to be in the form of payload. A 
further improvement in propdlants would 
allow a change to two-stage rodcets, and 
the case quoted above would need a 50 
per cent better propellant 

So far the figures have shown that pay- 
load percentage can be Improved by 
either skilful engineering in reducing the 
percentage weight of structure or by 
introducing more powerful propellants. A 
third possibility which can be combined 
Willi these or remain independent is to 

build larger launching vehicles. To some 



degree it is possible to scale up the weights 
and so increase the absolute payload. 
Alternatively, multiples of a given unit 
can be combined to form a much larger 
single unit 

Ptacticed Progress. — Figure 4 indicates 
the growth in launching weight of Ameri- 
can satellite vehicles from the modest 
22,600 lb of Vanguard to the 265,000 lb 
of Midas II, and from the proposed 
weight of more than 1,000,000 lb of Saturn 
to the 4,5(X).OO0 lb of Nova. To match 
these launching weights rocket engine 
thrusts have also increased, and Figure 4 
includes this development. Generally the 
thrust required is about one-third greater 
than the launching weight and as this can 
be provided by niiiliipic chambers, the 
growth in single chamber thrust has been 
less spectacular than that of vehicle weight 
until recently. At any given time the mul- 
tiple chamber thrust has been about twice 
that of the single chamber although more 
than two chambers have been used. This 
is because multi-chamber development 
musl lag a >ear or two behind that of the 
single chamber. Equally, the satellite 
launcher lags some years behind both. 

From these curves it is dear that, at 
least in part, the increases in rodcet size 
account for some of the increased payload 
already achieved and proposed in America. 
Payloads havc^ however, increased much 
more in proportion, and so it is clear that 
other technical developments have assisted. 
It is probable that operating experience 
and new construction techniques have per- 
mitted reduction in the deadweight of each 
stage. In the early salelliles. each pound 
of pavioad was accompanied into orbit by 
soinelhing between one and two pounds 
of linal stage empty rocket. This was re- 
duced in later shots so that the ratio of 
siruclure weight to payload dropped to 
ahoul (^(^ per cenl. This, ;is ',hown in 
Figure .3. will have a considerable influence 
in increasing p.ivlo.id. 

Finally, improvements in propellant 
performance have been occurring. I he 
early rockets used liquid oxygen and kero- 
sene which gave exhaust jet velocities, Vj, 
about S.IMX) ft per sec. Other fuels may be 
belter because they contain more hydro- 
gen. One such, referred to as Hydyne, was 
introduced to the second stage rodcets and 
gave about per cent improvement in 
velocity, l ater, pure liquid hydrogen has 
been introduced and motors up to 20,000 lb 
thrust will be incorporated in Centaur and 
up to 200,000 lb in Saturn. This will im- 
prove propdlant performance by more 
than 30 per cent and, in the case of Cen- 
taur, permit the use of two stages only. 
The marked effect of this on payload can 
be seen in Figure 3. 

Future Possibilities. — As already noted, 
the Russians appear to be about two years 
ahead of the Americans and it can be 
presumed that they have developed their 
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Figure 2. Diagrammatic arrangement of multi'Stage rocket. 
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rockets along broadly similar lines. The 
first of these was undoubtedly to build 
larger engines and launching vehicles. 
Their T-3A inter-continental ballistic mis- 
sile is reputed to have a first stage thrust 
of 700,000 lb which, by comparison with 
American figures, suggests a satellite 
launching vehicle of 500,000 lb and a pay- 
load of 15,000 lb. In fact, launching 
weights may exceed these figures by a 
large margin, and payloads of 20,000 lb 
at this time would be in line with the curve 
drawn in Figure 1. 

This superiority may have been brought 
about by the fact that the Americans had 
discovered, relatively early, that a nuclear 
warhead could be built much lighter than 



originaUy anticipated. Without this know- 
.ledge a miuh larger rocket would have 
been required for ballistic missiles. This is 
indicated oa Figure. 4 by the Navaho and 
Atlas rocket engine specifications in 1951 
which were cancelled. If the Russians were 
proceeding on similar lines and con- 
tinued, they would have gained an advan- 
tage in experience with large units due to 
their ignorance in other directions. Apart 
from size, it is possible that they are ahead 
in exploiting both lighter structure weight 
and improved propellants. The fact that 
Sputnik II had a final stage structure 
about 80 ft long accompanying it in orbit 
certainly suggests this. 
It is, therefore, possible to accept that a 



rocket vehicle large enough to place a 
weight of more than 100.000 lb in orbit is 
within sight. Such a load would be more 
than adequate for putting a man into 
space and safely returning him to Earth. 
It can be regarded as the forerunner of 
Moon surveys by a passenger and ulti- 
mately human landings. These are already 
within the long-term American plans and 
must also be a part of Russian aspirations. 
The evidence suggests that there is every 
prospect that these ambitions will be ful- 
filled during the next decade. 1 hereafter 
deep space voyages will open up a period 
of exploration and resultant beneficial 
developments quite beyond oiur present 
conception. 
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Britain's 
backwardness in 
higher education 

Professor Lord Robbins is to be chairman of 
a Committee appointed by die Govemmoit 
to advise wheUier any changes are desirable 
in the pattern of full-time higher education 
in Britain. That changes are urgently 
necessary, and tiiat they must be very drastic, 
is the theme of Dr Bowden's outspol^en article 



by Dr B. V. Bowden 

Principal, Manchester College oj Technology 



A RECENT statistical survey has shown that the British 
economy is CNpaiiding more slowly than that of most other 
European coiintrici. On ihc asMiniplion that the gross national 
product per head was 100 in 1950. Western Gernianv iias now 
reached 171, the OEEC countries average 139 and the United 
Kingdom only 122; and this despite the fact that the propor- 
tional rate of investment per worker in this country has been 
quite high during the last decade. It is clear that our investment 
has not been as productixe as il slinuld have been; I bjlic.o 
this may well be due to the inadequacies of our edueaiional 
system. 

At long last the Go\crnmenl seems lo have taken fright. 
Professor Lord Robbins"s Committee is to study "full-time 
higher education in Great Britain in the light of national needs". 
Royal Commissions have studied our educational system, and 
universities in particular. e\er since 1850. The universities owe 
much to Royal Commissions: some of their findings and those 
of independent observers a hundred vears ago might he re- 
i.ssued today as tracts for the times; they might even f<irm pari 
of the report of the Robbins Committee. 

The Industrial .Revolution in England owed very littlo either 
to our schools or to our universities, but Continent! govern- 
ments always expected their educational eslablishmeois. and 
particularly their great teclinical universities, to help the de- 
velopment of local industries. Abraham Lincoln established the 
Land Grant Colleges in the middle of the Civil War; Congress 
endowed these new foundations with 17 million acres of land, 
hoping that they would do as much for America. 



Matthew Arnold investigated conditions on the Continent 
in the 1860s. He found that Swiss and German engineers were 
much better educated than ours, and maintained with heat and 
bitterness that unless we improved our schools and univeraties 

so that our young people had a chance to compete with their 
contemporaries, our prcspects as a manufacturing country 
were gloomy indeed. 

Our universities then complacently assumed that they were 
the most important centres of learning in the world, but this 
view was not shared by European scholars, some of whom said 
flatly that the University of Oxford should not rank as a uni- 
versity at all — hut only as a "superior high school". Fifty years 
ago Oxford's Chancellor (Lord Curzon) reported that his Uni- 
versity "could not hope lo emulate a University like Harvard", 
and an English ironmaster complained to Andrew Carnegie. "It 
is not your wonderful machinery, nor your unequalled supply of 
raw materials that we have cause to envy — it is something worth 
both of them combined. The class of young scientific experts 
who manage e\ery deparlnieni of your works. We have no 
such class in England." When the new Committee has com- 
[rileted its inqniiy, wiU Mr. Macmillan, who is Chancellor oS. 
Oxford today, be more optimistic than Lord Curzon was in 
1909? • 

I do not see how anv^'ne can deny that far too many of our 
young people leave school and stop learning much too early 
in life. Comparisons between countries arc often misleading, 
because universities differ in size and function from country to 
country, and standards differ from place to place even in the 
same country. Nevertheless, however much aUowanoe one 
makes one is forced to conclude that the number of twenty- 
year-old full-time students is proportionally much less in 
England than it is in most other Western countries. Figures 
compiled by UNESCO suggest that the number of university 
students per million of the population in England is the 
smallest in Europe. In 1900 we had fewer universities in pro- 
portion to our population than any other country in Europe 
except Turkey. In the middle of the last century, when 
England was the workshop of the world and became fabulously 
rich, her people were among the most illiterate in Europe. We 
ought to know how we compare with other civilized countries 
today. We must not he .ishamed to learn from other people. 

Most of our gre.ii engineers in the last century were 
^eliimled by exp^neii^e or in the Dis.senters' Academies. They 
were never worried by that reverence for the past which haunts 
our society today. They never exalted the word above the 
thing. They knew (with Dr. Johnson) that "if words are the 
daughters of Earth, then things are the sons of Heaven". The 
pattern of world trade is changing fast. The rapidly growing 
industries all seem to he based on modern science. We can no 
longer hope thai self-taught Englishmen can compete with well- 
educated foreigners. 

Sir Geoffrey Crowiher has described the situation as he sees 
it today; he thinks that wc are in an educational rut: unless 
we bestir ourselves we shall gradually foil behind our industrial 
competitors; if our inadequately manned industry fails us. our 
society will die with a whimper if not with a bang. 

Many commenuitor- ha\e applauiled his analysis, but The 
limes remarked that "there is no suOicicnt reason to pack 
the universities until they burst, on the pretext of a state of 
emergency which is asserted but not demonstrated to exist". 
Does anyone still believe that a university education should 
be the prerogative of a leisured class and dislike the idea that 
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Lord Robbins, whom the Government has appointed as 
chairman of a Committee to inquire into higher educa- 
tion, is 62: he has been Professor of Economics in 
London University since 1929. Earlier he lectured at 
Oxford University, and he has published many works 
on economic science. Diirint; the war he directed the 
Economic Section of the Offices of the War Cabinet. 

Other members of the Committee have not yet been 
announced Its terms of reference are "to review the 
pattern of full-time higher education in Great Britain 
and in the //tj/j/ of national needs and resources to 
advise Her Majesty's Government on what principles 
its long-term development should be ba.sed. In par- 
ticular, lo advise, in the lii^ht of these principles, whether 
there should he any chanf;e in that pattern, whether any 
new types of institution are desirable and whether any 
modifications .should be made in the present arraniie- 
ments for plannint; and cmmlinatim; the development 
of the various types of institution." 



"Heaven might be crammed"? The Times doubted the 
existence of a vast, urgent, unsatisfied demand for the services 
of graduates and felt that more should be done for highly 
skilled craftsmen. No one can or should dispute the need for 
more craftsmen, but in these days of rapid technological 
change, a skilled craftsman may find himself unemployable 
in later life as his craft loses its importance. All our industrial 
competitors use more graduates than we do. Has a university 
education no value here as a preparation for life? 

Some of our universities (and Government research stations 
too) give one the impression that they would like to be as 
independent of the man in the street as the medieval 
monasteries were before them; spiritual pride is insidious. 
"Pure research" and "pure scholarship" are all important, but 
they can become excuses for complacency iiad indiSerence. 



The universities have a function as part of society. It is not 
enough for them to exist as places of beauty in which dons 
have beautiful thoughts; they must not be content merely to 
criticize our industrial society and refuse to help it. They must 
do what they can for thousands of young people who want to 
be educated. It is not for them to refu.se to modify their tradi- 
tional practices and procedures and send our youngsters away 
empty-handed. American universities usually seem to be more 
clearly aware of their place in society and accept their obliga- 
tions to the community more willingly than ours do. 

Most of our students graduate in three years; no other 
country expects its students to qualify so quickly. University 
courses abroad may last four, live, six or even seven years 
for a first degree. How do our graduates compare profession^ 
ally and culturally? No other country allows its students to 
specialize early in their school life. Our students are better 
prepared to begin their professional studies when they start 
at university than their contemporaries abroad, but they have 
had less general education. No other country restricts the edu- 
cation of professional men so narrowly. Is this a healthy sign? 
I believe the Crowther Report dismissed the problem of sixth 
form specialization far too easily, and since the preparation 
of university students is very much the concern of the univer- 
sities themselves, this problem should be studied again in the 
light of contemporary practice abroad. 

One can form some estimate of the importance which a 
country attaches to education by the amount of money it 
spends on it. Obviously this is an imprecise yardstick, but it 
can be used in a preliminary survey. Why is it. for example, 
that we spend two and a half times as much on defence as 
we do on education, whereas the Russians spend about as 
much on education as they do on defence — perhaps sixteen 
times as much as we do? Is it true, as I believe, that although 
the Dutch spent about as much per head as we do on the 
education of young people up to the age of eighteen, they spend 
twice as much as we do in this country on the education of 
people over eighteen? Is it true that the Germans are spending 
much more than we are on their universities? Why do we 
spend no more on our universities than we do on the egg 
subsidy — perhaps half as much as we spend on atomic energy 
in Harwell and its associated laboratories? 

The State of California alone is spending about $360 million 
a year on its universities and colleges, much more than all 
the English universities put together. It is planning to spend 
$1,000 million on new university buildings by 1970. The best 
Californian universities are among the best in the world. The 
University of California it,self has 48,000 students who are 
taking four-year courses, but there are other enormous 
colleges which do not try to achieve the same intellectual 
standards; they are satislied with work which was accepted 
in Oxford and Cambridge thirty years ago. They are not de- 
signed for the ablest 5 per cent of the population, but for the 
15 per cent immediately beneath them, and 65,000 students 
attend three-year college courses, and another 100,000 are 
taking Iwo-ycar courses in Junior Liberal Arts Colleges. Such 
courses are invaluable for students who could not aspire to 
an honours degree. 

Men who took third or fourth classes or pass degrees in 
England thirty years ago enjoyed university life and profited 
from it. They were valuable members of the universities, and 
many of them have since become famous. Few of them would 
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get university places today, for almost everyone who goes to a 
university is expected to read for an honours degree. Some 
dons have said that the expansion of our universities should 
be restricted so that they can exclude all but the \cry ablest 
men. They fear that their intellectual standards may suffer; but 
the pass men in Cambridge never interfered with Part 111 of 
the Mathematical Tripos. We have always done our best for 
brilliant students. It is \itally important that we should do so, 
for they will provide our leaders and pace-makers: but surely, 
as -Abraham Lincoln remarked. "The Almighty must have 
liked the common people best, because he made so many of 
them"\ Our educational system must help to bring them to 
maturity and make them into responsible citizens of the new 
age, for upon them and their exertions the prosperii> of the 
country must in large measure depend. It is monsiroiis that 
they should be refused admission to universities which were 
glad to accept such men in days gone by if (and onK ifi their 
parents could pay for them. Should we build Junior Colleges 
and Liberal Arts Colleges for them? 

The Robbins Committee will have to make proposals for 
ihe future development of the advanced teaching of science 
and engineering in this country, a problem which is tre- 
mendously complicated by the competing claims of leaching 
and research, both of which are essential to health\ university 
life. 

To what extent should the universities be used b\ the 
Government as their agents for the organization of research 
and development? In this country most research and develop- 
ment is done in Government establishments, such as the 
Royal Aircraft Establishment in Farnborough, or the Royal 
Radar Establishment in Malvern, in research associations 
which are organized by and through the Department of Scien- 
tific and Industrial Research, in such places as the .Atomic 
Energy Authority in Harwell, or in industry itself. Universities 
tend to confine themselves to fundamental research and re- 
search schools are relatively small. 

The American Government uses universities as agents 
to administer much of its research programme, and the 
American Universities have been revolutionized in the last 
fifteen years by the immense growth of their graduate schools. 

Massachusetls Institute <if Tothncilogy Vias ab<iiit .''.000 
graduate students: English universities awarded \.?0^ higher 
degrees in science and 466 in technology last year. The .Ameri- 
can Atomic Energy Commission undertakes very little research 
itself; most of it is organized by. and through, the universities. 
The University of California administers the laboratories in 
Los Alamos and the University of Chicago those in Argonne. 
The California Institute of Technology studies and dv.'v clops 
jet engines as well as the great telescopes on Mount \\ ilson and 
Mount Palomar. MIT (which alone has a total budget of about 
$60 million a year for research and development— more than ail 
the English universities put together) undertakes rescarcli for 
the Government in many lields; for example, the inertial navi- 
gational devices used by American submarines were developed 
there. .America has achieved a most intimate association be- 
tween the universities, contemporary research and industrj', to 
the enormous benefit of all concerned. 

On the Continent a very dilYerent organizational process 
produces a similar intimate intermingling between research and 
development. In Germany the Max Planck Institutes, which 
are separate from the universities, are very closely associated 
with them, and senior scientists and engineers are members 




of staff both of the Max Planck Institutes and of the univer- 
sities themselves. Furthermore, .some of the laboratories which 
in England would be organized by Research Associations are 
situated in the universities and are inextricably mixed up with 
them. This is tnie. for example, in Aachen, in Delft and in 
Stockholm. To give one specific example, the main Swedish 
research centre for paper and pulp manufacture is on the 
campus of the Technical University of Stockholm. 

In England contacts between universities and large-scale re- 
search centres seem to exist only by chance and as a result 
of the individual efforts of university professors and research 
workers. 1 believe that both the universities and the research 
associations sutler very much from this separation, and I think 
the Committee should inquire into the possibility of forging 
much closer links than now exist between such places as the 
National Physical Laboratory and London University, between 
the National Engineering Laboratory in East Kilbride and the 
University of Gla.sgow, and between the DSIR establishments 
and the universities which happen to be near to them. Most im- 
portant of all, there should be much closer links between uni- 
versities and industry. 1 think things are better now than they 
were. They could be improved e\en yet. 1 believe in particular 
that eminent scientists or engineers who work in research 
stations and industry should be appointed as part-time pro- 
fessors. One-third of the professors in the new technical univer- 
<:ity of Eindhoven are Professors Extraordinary, including the 
chief designer of the local motor car factory and the head of the 
organization and methods department of the Philips Company. 

If more universities arc to be built, I think they should be 
sited where large Government research stations can sponsor 
them and help them lo grow. .A university in York or in 
Norwich will find it extremely hard to recruit good scientists 
and engineers unless and until adequate and expensive research 
facilities have been provided. In either of these very beautiful 
cities it will be possible for members of the chapter of the 
local cathedral to lake an interest in university affairs — but 
how much better if a university could be put near Malvern or 
near Farnborough. so that the vast resources which have 
been established there over the years, and the very able men 
who live there, could play a dual role like their contemporaries 
abroad and be both educators and research workers. The 
students would become aware of the importance and excite- 
ment of fundamental work which is undertaken on a large 
scale with a sense of urgency and with the best apparatus that 
money can buy. 

The Committee must determine the size and number of 
new engineering schools in this country. It would be a fatal 
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mistake to spread our resources too thinly. Both the Germans 
and Americans assert that the minimum size at which such 
an institution becomes really efficient is very much larger than 
the largest school in England. The Germans believe that a 
technical university needs about 100 professors and 10,000 
students. Aachen has been developed on this assumption since 
the war, and Charlottenburg is even bigger. Perhaps in the end 
we may decide to establish in England a full-scale technical 
university and very belatedly to follow the example of all the 
other industrial Western powers which have relied on such 
establishments to educate their engineers and technologists for 
a hundred years or more. Lord Cherwell urged the Government 
to do this in 1947. He may have been right. 

To summarize, the Committee must consider what is to be 
done for the vast majority of students who now leave school 
at fifteen. Only one child in eight stays at school until the 
sixth form. We are at present planning to provide a university 
education for about 5 per cent of the population in 1970. Is 
it desirable, is it possible, that we should produce in this 
country what are effectively full-time educational facilities up 
to the age of twenty-one or so for perhaps 25 per cent or 
30 per cent of the population? Would such a policy materially 
improve the economic position of the country, or are all con- 
temporary Western countries wrong in thinking that it does? 
Alternatively perhaps, are they right in thinking that a univer- 
sity education for a substantial minority is a good thing in 
itself? Are we still worried by the fear of a Manchester 
business man, who told me that "if all the clever boys go to 



college there will be no one to employ the graduates"? 

We should not be too proud to learn from the practice of 
cur most progressive competitors and model our own policy 
on theirs. 

If a large increase in educational facilities is necessary, how 
are our schools of science and engineering to be built? How 
will the students learn their science in secondary schools — 
where are the science masters to come from? Is it possible 
that university departments can be built or should be built 
without a much closer liaison between universities. Govern- 
ment research establishments and industry? If such an asso- 
ciation is necessary, as I believe it to be, how best can it be 
achieved? 

Now that 1 have gone so far towards getting myself publicly 
stoned. I feel I can add with impunity that I believe that the 
lecture system which many universities have used ever since the 
Middle Ages is an anachronism: wasteful, inefficient and in- 
defensible. No one. except advertisers and variety artists, has 
attempted to exploit modern media of mass communication. 
How effective can films, television and other aids become? 
How successful have American experiments been? Could we 
learn anything from any of them? We all like and admire the 
individual contacts which the tutorial system provides, but 
should we deny tuition to millions in order to preserve our 
present system for a few thousands? 

If Lord Robbins can answer these questions satisfactorily 
and if the Government will then Jo something, we shall make 
history. 




A story untold until NOW . . . 

THE BIRTH OF 

THE BOMB 

Factual, dramatic . . . as enthralling 
as the best detective fiction 

THE STORY OF THE ATOMIC BOMB began in Decem- 
ber 1938, when a young Viennese physicist decided to spend 
Christmas with his aunt at her home on the outskirts of 
Gothenburgh . . . 

From this unlikely start The .Sunday Times continues a story 
which has many facets. There is a strongly human side. There 
is fiction-like adventure -for the first time the facts on how 
the world stock of heavy water was brought to Paris by a 
French banker, eventually to make its way to Cambridge 
into the hands of those who took us into The Nuclear Age. 
Here at last is the story (written with the co-operation of 
many of the men who played a part) behind the shattering 
headlines of 1945. when the Second World War ended in 
the fiery finale of the Atomic Bomb. 



BEGINS THIS WEEK-END IN 



THE SUNDAY TIMES 

ONE OF THE WORLD'S GREAT NEWSPAPERS 
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The search for a 
chemical "scarecrow" 

The idea of treating crops with a chemical 
which would repel birds is being explored 
by studies of the sense of taste in birds and 
tests designed to show their preferences or 
dislikes. Fowls and pigeons, unlike mammals, 
appear to be indifferent to sweetness 



by Dr C. J. Duncan 

Department of Zoology, University of Liverpool 



BIRDS, for all their attractiveness, can be a dreadful 
nuisance, as any gardener who has lost a row of peas or liis 

t licrr_\ crop will agree. In suburban gardens blackbirds. Starlings 
.nul liousc-sparrows are the chief olTenders, but wood-pigcons 
^jMil iavs are ailtiilinnal eneniie>N in nmil areas. In agriculture 
and horiiculture bird damage is more serious, particularly that 
done by wood-pigeons to field peas and bras.sicae. 

Gardeners and formers have used many defences against these 
attacks on their crops— including black cotton, the conventional 
scarecrow, "super-scarecrows'' such as models of hawks rotated 
at the end of a nylon cord from the top of a pylon, and different 
types of "bangers"" exploding at intervals. The last-named 
metliod, using such mechanisms as acetylene generators with 
detonators, is the mechanical development of tlie practice in 
Africa and Asia of using drums and other means of producing 
loud and sudden noises to scare the birds. 

Some success was recently claimed for the device of recording 
(he d).stress call of a particular species and relaying it back to 
Hocks of the birds by loudspeaker systems: a method which 
might be most useful for clearing birds from their roosts in food 
stores and cities. \\ here their excreta is unsightly and adds to the 
e.xpensc of cleaning buildings. However, the elTectivencss of any 
known "scaring" device decreases with time, since it includes no 
form of punishment and the birds rapidly become habituated. 

Nest destruction schemes and nationally organized shooting 
campaigns are among methods b\ wluch attempts are being 
made to exercise direct control over the wood-pigeon popula- 



tion; but, to be elTeclh'c, such measures are expensive, both in 
money and in man-hours. 

The idea of treating crops with a chemical whicb would repel 
birds is theoretically attractive, and woidd be of -special value 
for the protection of seeds and fruit buds. Bullfinches are a 
particular enemy of the fruit-grower. Since each bird can destroy 
the buds at the rate of 30 per minute, a flock can cause a great 
deal of damage, the trees and bushes being vulnerable for much 
of the winter and spring. During this time the diet of the bull- 
finch consists mainly of tree buds, and in sevens cases of damage 
over several seasons such trees may become malformed. An 
efficient repellent substance would have to be harmless to the 
plants, to Man and to all wild life. It would have to be prepared 
in such a form that it would adhere to the crops or seeds for 
the period that protection was requiied and nofrbe wadied off 
with the first shower of rain. The major jeqiiinement, of course, 
is that it should repel hungry birds. If such a subsemce could 
be produced and applied as a spray or dust, damage would be 
prevented without killing or harming the birds— rsucb species 
as the hiilllinch would simply be forced tO ICtUto to their 
original food in the hedgerow. 

Repellent chemicals can act on the sense of taste, smell or 
touch, but most experiments with birds have used substances 
which aire expected to act on the sense of taste. Bete we have 
been at a disadvantage since relatively little is known of this 
sense in birds, and there is no reason to suppo.se that it resembles 
that of Man. For this reason, the Land Pests branch of the 
Ministry of Agriculture. Fislieries anti Food began a programme 
of research which has been amplitieJ at the University of Liver- 
pool, aided by the Agricultural Research Council. 

Tlie sensory receptors in the tongue are ovoid clusters of ceUs 
termed taste buds. There are about 9,000 such receptors in Man 
and 20,000 in cattle. When suitably stimulated the taste buds, 
modified hy information from the touch, temperature and olfac- 
tory .sensory systems, produce sensations of taste. Only a few 
species of birds have been studied so far, but in all of these the 
total number of taste buds is very small, usually fewer than 50. 
and they are confined to the back of the tongue. 

We might easily conclude from these anatomical facts that 
the sense of taste is rudimentary in the birds studied; but this is 
not necessarily true. For a long time tastes have been dassilied 
by Man into four main categories or modalities— salty, sour, 
bitter, and sweet. Salty substances owe their taste to the presence 
of the chloride ion. while acids characteristically (aste sour. A 
typical bitter taste is that of quinine. The sensation of sweetness, 
although generally associated with sugars, is produced by a 
variety of substances. When the taste buds are stimulated by 
clicmicals. nervous impulses are generated in the nerves supply- 
ing the tongue, and in this way coded information of the nature 
of solutions in llie mouth is iransniitied lo the brain. 

Workers in Sweden, using biological amplifiers and oscillo- 
scopes, have been able to investigate and analyse this traflic of 
nervous impulses, after stimulation of the tongue Oilpigeonsand 
chickens by various solutions. In both species a discharge of 
nervous impulses followed the application of salt or acid solu- 
tions, indicating that the taste buds were sensitive to these 
modalities. The chickens gave a positive response to quinine but 
not to saccharine, whereas 50 per cent of the pigeons did 
respond to saccharine but none produced a nervoos discharge 
when stimulated with quinine. Neither species, however, re- 
sponded to the sugar sucrose. The sensitivity to tiie modalities 
of hitler and sweet, therefore, differs from that of mammals, and 
dillers also bej*een these two species of birds. 
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Photomicrographs of taste buds — left, on a pigeon's tongue (X 110) and right, on a rabbit !, tonsuc (XlOO). 



The results of these electrophysiological experiments provide 
us with information about the tastes which birds can detect, but 
tell us nothing of their preferences or dislikes. This aspect of 
taste investigation has been studied by carefully controlled 
preference tests. Although various methods have been used, all 
attempt to compare the acceptance of a solution of known 
concentration with that of water, the standard yardstick. On 
this basis, pigeons "prefer" salty substances in dilute solution, 
but at higher concentrations rejection becomes more and more 
marked. The pattern of response agrees closely with the results 
obtained from similar experimental studies on rats. The birds 
showed a marked aversion to sour-tasting solutions, the response 
again corresponding with that shown by mammals. 

Here, however, the similarity between these two groups of 
vertebrates ends. Unlike mammals, both fowls and pigeons 
seem, in general, to be indifferent to solutions of various sugars: 
there arc no "sweet-tooths" among the birds. American workers 
have found that xylose, a sugar which does not taste very sweet 
to Man, is particularly disliked by fowls, rejection increasing 
with concentration. They conclude that sweetness, as we recog- 
nize it, does not apply to the hen. Fowls have also been tested 
with a number of artificial flavours, and many were rejected at 
a strikingly low concentration. Some substances, such as colo- 
cynth pulp, which we would regard as bitter and unpleasant, 
were accepted, while others in the same category were rejected. 
The search for repellent substances, therefore, should not be 
governed by our own ideas of the sense of taste, and special 
caution must be used with chemicals which we would classify 
as bitter or sweet. 

The electrophysiological experiments and preference tests 
taken together show that pigeons and fowls have well-developed 
gustatory equipment. Solutions of the active ingredients of 
several commercial repellents were also used in the preference 
tests, and the majority produced a marked reduction in intake 



by the pigeons, when compared with the water standard. The 
next step in the search for a suitable repellent was to use solu- 
tions to which the birds had shown an aversion, mixing one of 
them with their food. Here, new problems arose. It is no easy 
■ matter to deter a moderately hungry pigeon from its food, and 
the application of acid or alum solutions to the grain was un- 
successful in this respect. When offered a choice between such 
treated grain and untreated grain, they generally, however, ate 
rather more of the untreated sample. These substances were 
chosen because the pigeons had shown a marked dislike of them 
during the preference tests. 

Experiments have shown that hens are primarily influenced 
by the shape of the grain and secondarily by its colour in their 
preference for certain cereals. The taste of the grain did not 
appear to alter their behavioural response. The addition of 
flavouring substances had little effect, particularly in compari- 
son with the alteration of the tactile sensation achieved by coat- 
ing the grain with a dry powder or with waterglass. The hen is 
said to produce relatively little saliva, and it has been suggested 
that this fact may explain why the bird is so much more sensitive 
to flavours added to the water rather than to the food. To be 
effective in stimulating the taste buds, substances must be in 
solution. 

Two further points about the experiments are worth men- 
tioning. The hen and the pigeon are domestic birds, and both 
species will feed on an essentially similar diet. It is therefore 
unwise to generalize from these results, and it would be interest- 
ing to continue the experiments using insectivorous or aquatic 
species. 

Much of the spadework can be done in the laboratory, but the 
final phase of the investigation, and always the critical test, is 
to determine the effect of possible repellents in the field. The 
trials reported to date have been disappointing and it is apparent 
that, like Thursday's child, we still "have far to go". 
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American Newsletter 
★★★★★★★★★★★★★★ 

from JOHN LEAR 

Social implications of space research 



New York 

EXPLORATION of tiie space be- 
tween planet Earth and other plan^ 
of the Sun "will very probably be the 
most costly of the various exploitations 
of technology and science that present 
societies are currently prepared to under- 
take during peacetime". Tiiat statement 
appears in the introduction to a report 
that has jusi been completed by (he 
Brookings Institution for ilie National 
Aeronautics and Space AdministrLilioii. 
Because the obser\>iiiiin sti ikcs mc ,is an 
understatement of the irulli - in which 
the words "very probably"' could prop- 
erly be substituted by the words "almost 
rf»rtainly" — this letter is the first of sev- 
eral I shall write about other things the 
Brookings study has to say. 

To begin ^t the beginning, the 
American adventure beyond Earth's 
atmosphere has its legal sanction in the 
National Aeronautics and Space Act of 
19S8. Among other injunctions this law 
commands that "the aeronautical and 
space activities of the United States shall 
be conducted so as to contribute mat- 
erially to . . . the eslablishmenl of King- 
range studies of the potenlial bcnelils to 
be gained from, the opportiiniiios for. and 

\hc pnihlcnis minoKlhI in llic uti)iyatli>ii 

of aeronautical anil space acti\ilies for 
peaceful and scientilic purposes". What 
the "peaceful and scientilic purposes" 
might be, and how they should be 
achieved, were thus left to NASA to 
determine. 

In November l')5') N.\SA pa>sed this 
hot potato lo Brookings by ret]uesling 
that notoriously discreet and intellectu- 
ally disinterested agency to "underlake 

. . the design of a comprehensive and 
long-term program of research and study 
regarding the social, economic, political, 
legal and international implications of 
the use Ci space for peaceful and scien- 
tific purposes". Brookings in its turn 
handed the dilemma over to a new mem- 
ber of its research staff, psychologist 
Donald Michael, whom readers dt the 
New Scientist may recall as the sociid 
scientist I collaborated with two 
years ago in a poll of popular opinion 
on the meaning of Man's then im- 
pending embarkation on the elec- 



trical sea of uiter-planetary mystery. 

Psychologist Afichael is refreshingly 
candid in stating the first finding of bis 
study: "A conclusive demonstration that 
some space activities provide superior 
means for benefiting mankind is still in 
the fiitiiie." With a touch of something 
that seems to mc to lie between wisti'ul- 
ness and hope, he adds: "Possibly a near 
future." 

.As opposed to this initial and in niy 
mind signiticant uncertainty, a certainty 
is dcclaicd: "' 1 hey [space activities] arc 
already an established factor in our 
society thai confronts mankind with 
special problems." 

Since Brookings is a conservative in- 
stitution and stalTman Michael, though 
young, is no fool, the report is firm in de- 
fining its own footing : 

"It must be clearly understood that 
this report does not attempt lo predict 
what will happen to society as a result 
of space activities nor to anticipate 
all the implicatioiis of a given space 
activity. . . . But by posing questions re- 
garding what might happen and speci- 
fving those contingent factors which may 
alTcct the likelihood of one implication 
being reali/cd rather tiian another, we 
win lie ticllcr pi op.iiL-J lo i.iko .Kt\ .iiil.igc 

of the implicali(ins of space activities 
than we would he without sucli in- 
c|uiries." 

Even in this realm of /;)/•.,•/;; />(•. Michael 
and llie group of social scieniisls who 
worked with him do not risk speculating 
bevond the vear 1980. Some scieniisls 
thev consulted wanted to cut ih,it short 
peiiod in half. General agreement was 
found on a high degree of unlikeliness 
■'that lunar colonics and manned flights 
to Mars will be more than newspaper 
headlines in terms of Iheir implications 
for the man in the street during the next 
two decades". Consequently, only 'sym- 
bolic effects of such events" are consid- 
ered. On the other hand, "such space 
products as communication and weather 
satellites have been examined in detail" 
because, though "they may not actually 
result in full-scale operating systems 
with large implications for society within 
our chosen time period*', there is "a very 
good chance of substantial implications 



being generated bv them in the ne\i '.wo 
decades". 

Three t>pes of research are recom- 
mended : 

1 Research directed toward develop- 
ing belter understanding of specific 
implications of particular activities. 
Example: the economic, legal, political 
and personnel requirements for a world- 
wide ground-based weather-data collect- 
ing and processing system to make 
weather satellites meaningful in the 
practical sense. 

2— Research on methods for antici- 
pating and evaluating impact of space 
activities. 

3 — Research on fundamentals of 
human behaviours and institutional pro- 
cesses. Example : the processes which de- 
cide how slowly or quickly different 

societies accept innovation. 

The word "research" itself is stretched 
to encompass these three objectives fully. 
It includes " "think-pieces", sophisticated 
logical and or mathematical evaluations 
and analvscs. and empirical studies in the 
lield". Hence it is more speculative than 
iradilional. Wiicre it will lead remains to 
be shown, but Michael and his group at 
Brookings think ii holds considerable 
promise as a policy planning aid when 
reinforced with operations research, sys- 
tems analysis and decision theorv . 

Tradition is thrown completely out the 
window when it comes to assigning par- 
ticular exfieriments. Not only is the 
greatest weight thrown on sodal science 
—which only lust month reached matur-. 
ity in the eyes of the National Science' 
Foundation — but the usual disciplinary 
lines within it fpolitical science, sociology, 
economics, .inthriipology. law, etc.) are 
swept aside. Instead, the space planners 
look at probk'in iitcos "since the imp.ict 

tif iniin\ at ion on society is no rospcoier 

of dilTerences in academic disciplines". 

The Brookings report proposes that 
the peaceful spiice research programme 
be bosscil wiiliin NA.SA, by a triumvi- 
rate of social scientists who would have 
a direct pipeline lo lop NAS.4 admini- 
stration and memberships on divisional 
deliberate conmiitlees within NASA, 
riicse liircc men llien would decide what 
research would be contracted for, and 
with whom. They would be assisted by 
two advisory boards; one to suggest pro- 
jects and another to review progress 
periodicalh and cut off experiments 
that are dving on ihe vine. 

The overriding philosophy says that 
"a program of research to clarify the 
implications for society of peaceful 
space activities cannot be accomplisl^d 
by fits and starts". 

In next week's letter. I shall report the 
Brookings report's speculations on the 
implications of Earthly communication 
by way of many moons. 
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This is Broadsheet No. 21 from the City of Steel 



NEW 

DEVELOPMENT IN 
STEELMAKING! 




Revolutionary VLN process 
cuts down nitrogen, 
gives greater flexibility 

From this year on, the versatility of steel, the flexibility 
of steel, will be even greater. The reason : a new steel- 
making process developed at The Steel Company of 
Wales, Britain's City of Steel. 

The name of the process is VLN ; in full, Very Low 
Nitrogen. And the significance of VLN is fundamental. 

The motor car industry, and all other industries which 
press sheet steel, require certain of their steel to have 
great ductility: that is, the ability to be pressed into 
intricate shapes without breaking. 

In making steel for this purpose, a vital consideration 
is its nitrogen content ; for the less nitrogen a steel con- 



This is a British car body — typical ol many which are built from 
sheet steel, and composed of many complex pressings. The wings are 
among the more difficult parts to press into their intricate shape. 
The new VLN steel is helping with problems of this kind. 

tains, the longer it will remain ductile. Mild sheet steel 
made by the new VLN process has the lowest nitrogen 
content in the world. 

UNIQUE PROCESS 

The VLN process is unique. Already it has been proved 
not just in theory but in practice. As you read this, a 
VLN plant, consisting of three o.xygen/steam blown 50- 
ton converters, is in full production at the City of Steel. 
So confident is the Company in the future for VLN that 
it is about to install a fourth converter. 

Unless you are a manufacturer who uses sheet steel, 
you will hardly be conscious of VLN and certainly not 
of its practical advantages. 

But this does not mean that VLN will not affect you ; 
for without such developments, Britain's industries could 
not long succeed in the tough competition of world 
trade ; and the success of our industries affects us all. 
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EDINBURGH UNIVERSITY'S newest professor is no 
diffident academician. Ritchie Calder is a strongly-built, 
dynamic man of 54 with a strong \oicc. a quick wit and a 

\ersatile platfurni apprdach. He is equally at ease at an iipen- 
air political meeting or as a pariieipant in a learned colKxiuium. 

By his appointment to the Sir Montague Burton Chair of 
International Relations at Edinburgh, Calder — ex-crime re- 
porter, science journalist, world traveller and lifelong socialist 

becomes one of the \er\ few professors who have themselves 
had no university iraininy. Bin his has been a lifetime of un- 
common achievements. He is. in fact, a unique figure. He lias 
spent the past 30 years bridging intellectual gulfs, translating 
between the worlds of the uncommon and the common man, 
with salty phraseology and an outstanding gift for helping 
minds to meet. That scientists loda> are readier than they were 
?iQ years ago to explain their work and aims to an ignorant 
world — or even to other scientists- is due in part to Ritchie 
Calder's indefatigable pioneering in innumerable articles and 
broadcasts and his many books. Not only has he helped to 
persuade millions of readers that "science makes sense", but 
he and his followers and colleagues in scientific journalism 
have enabled specialists to understand something of the public's 
need for instruction. 

And yet he had no formal training in science. Peter Ritchie 
Calder left Forfar Academy at the age of 15 to become a cub- 
reporler on the Dundee Courier. Brains, persistence, energy and 
a strong physique he had. Science was to come later. When 
it came it was bound. up inextricably with a warm sympathy 
for human .needs. If someone gave Ritchie Calder a hundred 
million pounds to spend there is little doubt that he would use 
it rather to found a health service than to launch a space 
rocket. Feeding the multiplving millions, abolishing poverty, 
gelling riti of tiisease. sli.iring knowledge and experience these 
and their like have ever been his ideals, whether in Britain 
of the 1930s or the world of the 1960s. 

These, loo. are the basic principles he will have in mind in 
his new professorship. For Calder is. as J. B. Priestley said, 
a genuine citizen of the world. Apart from journalism, author- 
ship and lecturing, much of his work since the war has been 
concerned with United Nations Specialized Agencies, several 
of which he i^ularly serves as a consultant. On their behalf 
he has crossed deserts and jungles, shared igloos with Eskimos 
and journeyed over the Arctic and the Sahara. His travels for 
the llnited Nations have taken him. indeed, over most of the 
habitable world as well as much that is not very habitable 
but which could become so if, as he passionately believes, 
scientists and statesmen would get together, pool their know- 
ledge and apply it. 

In Dundee Calder reported the police courts. At 17. he 
was sent by his paper to London. He worked for a short 
while in Glasgow, then moved to The Daily \ews. There 
are many in Fleet Street who recall him as a keen general 
reporter in the 1920s, writing of rifts in the Salvation Army, 
reporting fires and train smashes: hobnobbing with detectives 
in the pursuit of crime news. He has himself remarked thai 
there is much in common between research and crime detec- 
tion. Lord Rutherford was. says Calder, "very much a Scotland 
Yard type> seiang upon clues, examining their significance, 
deducing their possible explanation and' then patiently recon- 
structing what might hav e happened". 
Calder used the same methods to learn about science. When 



Profile 

Professor Ritchie Calder 

A demolitionist 
among the 
ivory towers 

Rutherford threw down a paper covered with cryptic signs 
and formulae, arguing that no non-scientist could understand 

it. the reporter was ready with his answer. He produced his 
own notebook. "If you will transcribe my shorthand 1 will 
translate vours", he said. He has been translating ever since. 

This lirst hurdle surmounted, Calder went on to learn from 
many other scientists, haunting their laboratories, reading their 
hooks, zealously studying and remembering. He made them 
his friends, and not a few today are ready with encouragement 
and congratulation for the new professor whom they (like his 
new Principal. Sir Edward Appleton) tirst met in the 1930s 
with a notebook and a questing mind. Impact was slow in those 
dav s. for scientists distrusted journalists, but Calder's earnest 
preaching that science must make itself understood, coupled 
with his clearly remarkable talent for explaining the mysteries 
of research to laymen, won him steadily increasing cooperation , 
and respect. 

From atomic science Calder went on to investigate all the 
main developments in science: electronics, biochemistry, 
nutrition, and so on. S^on he was writing regularly on science 
in ihc Daily Hcrahl, .iiul producing lii.s first and cliaracteris- 
lieallv entitled book. Jiirlh of the Future. As Sir Frederick 
Gowland Hopkins, then President of the Royal Society, wrote 
in its introduction, "We said to ourselves 'If this be a 
journalist, it is a journalist with a difference'". Science had 
found a Boswell. 

Throughout the years of crisis Calder has managed to fc^llmv 
the middle road between capitalism and Comjiuinism without 
compromising either his ideals or his position. He joined the 
Labour Party in 1924 in Dundee, learned to think on his feet 
and work in committee; in 1936, by now a practised speaker, 
he took part with Ellen Wilkinson in the Jarrow March. Since 
then, without parliamentary ambitions, he has ^ven much of 
his time to Labi>ur meetings up and tlowii the country, and is 
a member of the Fabian Soeietv executive. At present he is 
Vice-Chairman of the Canipaien lor Nuclear Disarmament and 
has trudged the road from Alderniaston. 

He has never allowed his specialization in science writing 
to diminish his versatility as a journalist. (He is certainly the 
only professor who has fallen off the flying trapeze at Olympia.) 
During the Battle of Britain and the 1940-41 Blitz he went 
where Goering's bombers went, to the East End of London, to 
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Co\cntr\. Pljnioulh and Glasgow, idling, in the Daily Hcruhl 
and two books. Ihc tales of heroism and exposing the inade- 
quacies of Ci\il Defence arrangements: he was rewarded with 
threats of imprisonment, but subsequently with Government 
action- along the lines he was urging. Again, in the Congo 
a few monilis ago. he was fulls able to interpret the social and 
political problems as well as the leclinical ones. His book 
The Aiiony of ilic Coiv^o is due from Gollancz this month. 

Calder earned his CBE during the war with the Foreign 
Office. L'nder Sir Robert Bruce Lockhart he was Directi^r of 
Plans of the Political Warfare Executive from 1941 to l')4.S. 
engaged with a brilliant team of experts and amateurs in spread- 
ing alarm and despondency in enemy territories, and hope among 
the resistance movements, from a secret headquarters "some- 
where in England". Here he learned at lirst hand how to keep 
a group of temperamental men working in harmony. He be- 
came a war casualty. In 1944 his young family was bombed 
out. his offices were wrecked by a VI and all the time he 
worked unsparingly al the complex political warfare problems 
of the in\asion of Europe: until, that summer, his tireless brain 
gave out and he collapsed in the street with a haemorrhage. Only 
swift and brilliant treatment saved his life. 

From his last wartime post as Special Adviser at Eisen- 
hower's Supreme Headquarters in 1945. Calder returned lo 
Meet Street, ihis time as Science Editor of the Ach a Cliii>nkk' 
and a member of the editorial board of the At ic Suiu snuin. 
Soon after he joined the Sews Cliroiikic he was invited to 
Washington by Lord Boyd-Orr. then Director-General of the 
Food and Agriculture Organization, as special adviser at the 
1946 Famine Conference, and was a member of the United 
Kingdom delegation to Unesco"s first General Conference at 



Paris in 1946 and its second in Mexico City the following 
year. It was at the in\ilation of Unesco. preparatory lo 
the setting up of its Ad\isory Committee on Research in the 
Arid Zones, that he undertook his lirst big-scale mission, lo 
the deserts of North Africa and the Middle East, invohing a 
joi'^ney. often arduous and dillicult. from the Western Sahara 
to" the Salt Deserts of Persia. Out of this came a striking series 
of articles, broadcasts, and his book Men A'^aiiiM ilie Desert. 

That journey, completed in 1949-50. led three years later to 
another on-the-spot survey, this time of the problems and needs 
of Thailand, Indonesia. Burma. India, Pakistan and Afghani- 
stan, carried out as head of a special information mission to 
South-east Asia on behalf of the United Nations, the Tech- 
nical Assistance Board. UNICEF. FAO, WHO. Unesco and 
the ILO. Another book followed: Men A'^aiiisi ilie Jtin<ile. 

The United Nations and the Specialized Agencies assigned 
him in 1955 to spend four and a half months in the Arctic al 
the invitation of the Canadian Government, to survey the 
possibilities of development of the "frozen norih" as pari of 
the habitable world and report on the social and technical 
consequences such development would have. In I960 Calder 
toured the Congo as United Nations and WHO consultant 
during the crisis period. 

Between journeys Calder ntanaged to find time to serve on ' 
the UN secretarial at the International Conferences on the 
Peaceful Uses of Atomic Energy (in 1955 and 1958) and a 
WHO study group on the Mental Health Aspects of Atomic 
Energy: to work actively for the United Nations Association 
in Britain, the Workers" Educational Association, of which he 
is Vice-President, and the British Association for the Advance- 
ment of Science: to write another half-dozen books and to keep 
up a stream of articles and radio and television programmes. 

His twentieth and most ambitious book. Tlie /iilwiilors. due 
for publication this year, is an attempt to trace the development 
of Man"s struggle to come to terms wiih his env ironment from 
prehistory to the present day, with excursions into the future, 
illustrated from personal travels and studies over 30 years and 
imbued with Calder's lirm belief that global cooperation in 
the shrewd application of scientific knowledge provides 
humanity's sole hope of survival. 

Knowledge must be shared. This is Calder"s gospel and 
his reason for taking a leading part in a len-day conference 
al the Weizmann Institute last summer, devoted to ""Science 
in the Advancement of the New States'", out of which arose 
a lirm propo.sal for the eslablishnient of fellowships and 
.scholarships for the training of African and Asian students. 

His clo.se friend H. G. Wells inscribed in AVir World Order. 
"To Ritchie Calder, who will help bring it about, from H. G., 
who won't live to see it". Calder enjoys life in the developing 
new order, and preserves so youthful a demeanour that people 
are surprised to learn that he has five children and seven grand- 
children. He brings to academic work the same enthusiasm he 
has given to all his other responsibilitijes. But his teaching is to 
be so arranged that for mo.st of each year he will be able to 

tMntinuc Ills travels and his writing. 

Ritchie Calder has been described as a ""common law 
scientist who has lived with science so long that he is married 
to it by habit and repute". The union has been good for science 
as well as perpetually fascinating lo Calder. for he has made 
an immense contribution to demolishing the ivory towers, and 
to giving coiilemporary science a sense of direction and social 
purpose. 
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Science in British Industry 

• ••••••••••• 



Automatic coal mining with gamma rays 




Rear view of the Midget Miner coal-culling iiiacliiiie jilted with the new coal-sensing 
device. The dials show the thickness of the coal left on the floor of the seam after the 

passage of the cutting head. 



THE MECHANIZATION Of coal mining has 
almost doubled in the last three years and 
now accounts for 40 per cent of the ton- 
nage won from British coalfields every 
year. 

The next logical step is to develop re- 
motely controlled cutting machines which 
do not need the personal supervision of a 
human operator. This conception, how- 
ever, raises the difficult problem of keep- 
ing the machine within the coal seam, so 
that it follows the undulations of floor 
and ceiling, cutting close to the rock but 
never into it. The Mining Research Estab- 
lishment at Isleworth. Middlesex, has made 
a considerable advance in this direction by 
producing an apparatus which senses the 
thickness of coal being left on the floor of 
the coal face as the cutting machine ad- 
vances. 

The principle on which the device is 
based is the difference in the back- 
scattering of gamma radiation from coal 
and rock. The gamma rays are emitted 
by a small radioactive source contained 
in the sensing device. The total back- 



scatter from both media, measured by a 
Geiger counter, can be related to the thick- 
ness of the coal, which can be measured 
with an accuracy of + } in. up to a maxi- 
mum thickness of 4 in. Greater thicknesses 
are indicated simply as being in excess 
of 4 in. 

A Midget Miner machine at New Lount 
Colliery in the East Midlands has been 
fitted with the device — possibly the first 
installation of its kind in the world. It is 
capable of cutting 2 ft 3 in. of coal out 
of a seam 2 ft 7 in. thick. Two sensing de- 
vices are mounted in the skids which 
support the machine, as close to the cut- 
ting heads as possible. The skids are 
coupled to the Midget Miner by means of 
four hydraulic jacks which steer the 
machine in the vertical plane. 

At present the device is not used as a 
remote-control system. The signals from 
the Geiger counters are displayed on dials 
graduated directly in inches of coal for 
the benefit of the operator. The device has 
greatly simplified the operator's work, and 
excursions into the roof and floor have 



been virtually eliminated, reducing the 
amount of free dirt in the mined coal. 

The great promise of the sensing equip- 
ment, however, is that it opens the path 
to the complete automation of coal cut- 
ting. Work is now in progress at the Estab- 
lishment on the design of a suitable servo 
system which will link the sensing unit to 
the hydraulically operated steering jacks, 
so eliminating manual control. 

Automatic cop grading 

A Ni;w machine developed by the Wool In- 
dustries Research Association, Leeds, 
automatically grades cops of yarn into one 
or other of six types by weight. 

The machine is electronically operated 
and works against a predetermined stan- 
dard weight. Cops are fed into the unit and 
an .Avery "shadow weight" scale operates 
a selector mechanism which diverts the cop 
into the appropriate bin. To this automatic 
sorting is added a visual counter which 
shows at a glance the numbers of cops 
handled. 

Any cop that is either excessively under 
or over weight is rejected by the 
mechanism; only cops falling within the 
agreed limits are passed, and this enables 
subsequent processing to be maintained at 
a consistently high level. With the new 
machine it is possible to grade up to 1,800 
cops per hour, depending on the speed of 
the operator. No special skill is required to 
operate the machine; the cop is simply 
placed on the weighing pan, from which it 
is automatically discharged to its respective 
bin. 

From initial descriptions of the machine 
it is evident that there should be no serious 
difficulty in feeding it from a hopper, lower- 
ing still further the individual handling. 
The WIRA cop grader is now being built 
commercially by Lancashire Dynamo 
Electronic Products Ltd., Rugeley, Staffs. 

Sowing with SID 

AN experimental machine called SID 
(spray-incorporating drill), designed to 
improve the reliability of soil-acting 
herbicides, has shown considerable 
promise in preliminary trials lasting two 
years. 

Built at the National Institute of Agri- 
cultural Engineering at Silsoe, Bedford- 
shire, the machine sows seed in a weed- 
proofed bed of soil. Herbicide is mixed 
into the soil in 9-inch-wide bands by means 
of rotary cultivators, the soil is compacted 
to form a standard seed bed, and the seed 
is then sown at precisely pre-determined 
intervals. 

Before this new technique was devised, 
very variable results were obtained with 
soil-acting herbicides. When they are in- 
corporated into the soil prior to sowing, 
the method of mixing and all the environ- 
mental and soil factors at work during the 
interval between application and sowing 
greatly affect the efficiency of the herbi- 
cide. Similarly, when herbicide is applied 
soon after the crop is sown but before it 
emerges, the weather and the state of the 
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seed bed between sowing and spraying 
markedly influence the movement and 
stability of the herbicide in the soil and 
hence its concentiaiion in the neighbour- 
hood of the cerniinulini; \veed and crop 
seeds. By eh'niinating the lime factor, SID 
simuhaneously cuts out these other 
\ ariables. 

The advisabilitv of sowing seed immedia- 
lely after rotary cu!ti\ation is somewhat 
debatable. fi>r in theory lack of lirmness 
and coiisCLjucnt Iiiss of soil moisture might 
be expcc;ei.l lo impair germination. So far. 
however, there has been no indication that 
this is likely to pro\c a serious problem. 

.■\noiher promising result of the trials 
made with SID by the Weed Research 
Organization at Begbroke Hall Farm, 
Oxford, has been the unexpectedly low 
incidence of crop damage despite tlie dose 
proximity of herbicide and plant roots over 
a long period. 

Although the machine was primarily 
designed as a further step towards the total 
mechanization of sugar-beet growing, the 
Begbroke trials, in which seven other crop 
plants have been safely treated with about 
a dozen herbicides, show clearly that the 
basic principles are relevant to the treat- 
ment of any row crop. 

Eliminating the shuttle 

A LARGK amount of weaving research today 
is directed towards eliminating the tradi- 
tional living shuttle, which ha> lo be 
projected at high speed and -.topped at the 
opposite side of the loi>m. P<.)\\er consump- 
tion is considerable and out of all p.' opor- 
tion to the amount iif weft yarn inserted in 
the fabric with each "pick"', or traverse of 
the shuttle. In Sweden and Czechoslovakia 
pneumatic looms have been developed to 
blow the weft yarn across the loom and 
thus eliminate the- shuttle. The Czechs have 
also evolved a hydraulic system, using a 
jet of water instead of air, but tlus is 
suitable only for hydrophobic synthetic 
fibres. 

Now a completely new svsiem of weft 
insertion is being deveU^ped by Professor 
J. J. Vincent, Department of Textile In- 
dustries, Manchester College of Science 
and Technology. This is again a direct 
Jiieihod of shuttlelcss weft insertion, but 
Professor \incent describes it as being 
based on solid friction rather than on fluid 
friction, as used in pneumatic and hydraulic 
looms. 

The weft yarn is taken between the nip 
of two cones rotating at high speed and is 
projected through the warp "shed ' -the 
opening between the upper and lowei warp 
yarn threads, vshich permits the insertion 
of the weft thread. In a demonstration, a 
coarse cotton yarn was projected six feet 
through a ring inches in diameter. The 
yarn is given an initial speed of 210 ft per 
second, but higher speeds could be achieved 
relatively easily. A slow-motion cin< film, 
taken at .^,000 frames per second^ showed 
a tiny bunch of material at the tip of each 
yarn, caused, it is thought, by an initially 
lower acceleration than is attained by the 
following yarn, which causes the overtaken 



yarn lo be "snarled". This can be a serious 
disadvantage as it could cause entangle- 
ment and so prevent even weft insertion. It 
also means that with each pick there is a 
liny ainijuni of waste varn which in a large 
piece of cloth would be quite si/eable. To 
overcome this, it is felt that a progressively 
retarded delivery is probably the answer. 
This can be achieved quite simply by 
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traversing the yarn along the nip between 
the cones linvards the point, so decelerating 
it by the slower peripheral speed. This, it 
is hoped, will disentangle the snarl and 
allow a perfect pick to be inserted. 

Fine yarns could, in theory, be woven 
across widths up to say 60 inches ample 
width for most fabrics. The system is ideal 
lor coarse varns and for paper or wire 
varus. It is also highly probable that it will 
be suitable for weaving monofilament 
sv nthetics. 

In a lecture jccenlly. Piofessor V incent 
said it was hoped to see the svsteni on a 
loom able to weave al speeds up to abotu 
."^OO picks per minute, which coinpaics with 
the present maximum of about 2(X). 

Some clolh has .ilready been woven by 
this system anti it appears to be very 
promising. Loom builders are interested in 
the technique, but it remains to be seen just 
how long it will be before a commercial 
loom is available. This wilt no doubt de- 
pend largely on the financing of the re- 
search programme and the amount of 
practical interest evinced by loom builders. 

Electrostatic disturbances 
in needle gauges 

i;rrors as large as a fortieth of an inch can 
occur when conventional needle gauges arc 
used for determining the heights of a 
column of a non-conducting liquid. In a 
typical gauge, which is usually reckoned 
to be accurate lo within plus or minus one 
thousandth of an inch, a needle point is 
gradually lowered by manipulation of a 
micrometer screw until it just touches the 
surface of the liquid, and the instant of 
contact is detected either visually or with 
the aid of an electric circuit. 

Kccent investigations cairied out by 
A. T. J. Hayv\ard at the National Engineer- 



ing Laboratory, Glasgow, have shown that 
when the point of the needle is about t).5 
inches above the sui l'ace of oil or any other 
non-conducting liquid there is a rhvlhmic 
disturbance of the surface immediately 
below the point of the needle and the sur- 
face lends to jiMiip upwards towards the 
needle with a frequency of one cycle per 
second. This is due to the electrostatic 
charge which is unintentionally imparted 
to the vessel while it is being cleaned 
immediately prior to use. The electric 
charae can be dissipated and accuracy 
restored simply by earthing the needle. The 
phenomenon does not OCCUr with de- 
lonized water, which has a lower dectri^ 
resistivity than oil. 

Ultara-pure wator 

ULTRA-PURE Water, which is used to help 
remove trace impurities during the wash- 
ing oc rinsing of semiconductors and 
transistors, can now be produced on an 
industrial scale using an ion-exchange pro- 
cess recently developed by Elga Products 
Ltd., of Buckinghamshire. Ordinary tap 
water is first passed through a strongly 
acidic, exchange resin \vhich replaces all 
the positively charged metallic ions with 
positively charged hjdrogen ions, I he 
diluent then passes through a second and 
equally stronglv basic anionic column, in 
which the chloride, sulphate and carbonate 
ions are replaced by hydroxyl ions. Hence, 
.dl the mineral salts are replaced by hydro- 
gen ions and hydroxyl ions which com- 
bine together lo form more water. 

During the second stage, this water, 
which is about as pure as ordinary distilled 
water, is pumped throiigh polyvinyl 
chloride, stainless steel or pdythene pipes 
to the site where the Inlnnstc** or ultra- 
pure water is actually required. There it 
is finally passed through a small mixed- 
ion exchange bed which may be thought 
of as a multi-bed deioni/aiii>n plant con- 
sisting of countless cationic and anionic 
columns alternately connected in series. 
Reports state that the intrinsic water so 
pioduceil has an electrical conductivity of 
about 16 megohms per cubic centimetre. 

Granulated iron 

ciRANL'l rs of iron, obtained by pouring 
molten metal from the bl.isi tiiinace 
dircctlv into water, are more convcnienl 
lo handle and to store than the short 
rectangular slabs of iron coimnonK used. 
.■\ new plant, now in production lU the 
works of Esperance-Longdo/, near l.icge, 
is the fourth to come into operation since 
the technique was first developed just over 
three years ago by the British company of 
.Stewarts and l.loyds Ltd. Tlie process is 
reported to be simple and safe in operation, 
and lo be capable of producing up to four 
tons of granules a nu'nute. 

The secret of success lies in the correct 
adjustment of the flow rates of both water' 
.ind molten iron so that the temperature of 
the former never rises above 90 C, ensur- 
ing that the ri^t sized granules are pro- 
duced. The capital cost is relatively low. 
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Anti-shrink wool 

BY depositing a very thin film of nylon 
directly on to wool fibres, ehemisis at the 
United States Department of Agriculture 
have found a new way of making woollen 
fabrics virtually unshrinkable, even after 
repeated laundering. The wool is simply 
passed successively through solutions of 
hexamethylene diamine and sebacoyi 
chloride. The two chemicals polymerize at 
once on the fibres at room temperature, 
forming a coating so thin that it increases 
the fabric weight by less than I per cent. 
After twenty trial washings, treated fabric 
showed a shrinkage of less than 2 per cent. 

Chemical Engineering News reports that 
the process has been operated successfully 
in commercial-scale equipment, after its 
initial development at the laboratories of 
the Agricultural Research Service in 
Albany. California. 

Liquid-metal fuel cell 

AN hour's continuous run of a thermally- 
regenerative liquid-metal fuel cell under 
laboratory conditions is reported from the 
United States. It appears to depend, in 
principle, on heating two metals until they 
separate. Their recombination on cooling 
creates an electric current. This type of 



cell, in developed form, is regarded as 
likely to be suitable for supplying power 
to instruments in rockets. 

Fuel cells are devices for converting 
chemical energy directly into electrical 
energy. An example using hydrogen and 
oxygen was demonstrated in England in 
1959 {New Scientist. 27 August, 1959), and 
was made to do useful work. 

The thermally-regenerative cell is 
claimed to be the first of its kind. It has 
been developed by Dr. Bernard Agruss, of 
the Allison division of General Motors. 
A new kind of electrolyte is said to be 
likely to allow this cell to be only one- 
tenth the size of other fuel cells giving 
the same electrical output. 

12,000 m.p.h. pellets 

WITH the object of improving the design 
of nose cones of ballistic missiles or other 
objects which have to re-enter the Earth's 
atmosphere, a piece of apparatus has been 
developed at Boston to facilitate detailed 
study of the stream of heated gas left in the 
wake of a fast-moving object in the thin 
upper air. It consists of a device for 
accelerating a small nylon pellet up to a 
speed of 12,0(X) m.p.h. in a chamber 20 ft 
long. 

The energy is obtained by the sudden 



UNITED STATES 

Weather charts by 
electronic computer 

An electronic unit which automatically 
draws a complete weather chart of the 
northern hemisphere in three minutes has 
recently begun service at the US Weather 
Bureau. Numerical information from 500 
weather stations, gathered twice daily, is 
fed into the computer by magnetic tape. 
It is converted into analogue form and 
used to guide a mechanical hand over a 
30 X 30 inch map to draw isobars, or 
lines of equal barometric pressure, as 
shown in the illustration. When drawn by 
hand each map took 20 minutes to pro- 
duce: the "weather plotter" now working 
at the National Meteorological Centre does 
the job in three minutes and, according to 
the Director, Dr. G. P. Cressman, does it 
more accurately. In the course of 24 hours, 
64 weather maps are drawn for different 
altitudes from sea level to 40.000 ft. Some 
arc used by the aviation authorities to 
determine the best flying routes and heights 
for jet aircraft. As each map is produced 
it is transmitted facsimile to 26 US weather 
stations and 600 military bases and com- 
mercial undertakings. Dr. Cressman said 
that the device will assist the Weather 
Bureau's efforts to automate weather data 
processing, weather analysis and forecast- 
ing. Other weather plotters will shortly be 
installed at Air Force and missile bases. 
The unit is produced by Electronic Asso- 
ciates Ltd. It is described as a development 
of the company's data-plotting equipment 
designed to help in work such as highway 
planning. 



heating of 1 cu. in. of hydrogen contained 
in a steel cell, through which an electrical 
arc is struck. In less than one-thousandth 
of a second, the temperature of the hydro- 
gen is raised to some 30,000" C and its 
pressure to about 70 tons psi. The hydro- 
gen thereupon breaks through a copper 
disc and drives the pellet along the test 
chamber where changes in the density of 
its wake can be noted. 

The air in the chamber can be varied in 
pressure to represent any height above the 
Earth's surface. The "gun" was developed 
at the AVCO Corporation's laboratory. 

Domestic dry cleaner 

Tut. development of a simple conversion kit 
for turning almost any brand of standard 
automatic washing machine into a dry- 
cleaning unit is expected to herald the ex- 
pansion of self-service dry cleaning. 
Hitherto, the filtering of the solvent has 
been a major problem. 

Camerland Colorado Inc., of Denver, 
Colorado, have now patented a simple 
filtration system, based on the use of 
dianiaceous earth and activated charcoal, 
capable of keeping a batch of solvent 
usable for 200 cleaning cycles without the 
use of additives. The cleaning and filtration 
cycles are controlled electronically. 
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The change-over from water washing to 
solvent operation also involves boosting 
the power of the machine's electric motor 
from the usual i h.p. to -J h.p. to cope with 
the greater weight of solvent, and replacing 
rubber parts w ith plastic and metal to pre- 
vent corrosion. 



CZECHOSLOVAKIA 

Straightening buckled gears 

COMPONENTS such as large gears which 
become distorted during heat-trealnient or 
subsequent machining may be successfully 
straightened within a few minutes and 
without cracking or chipping the material. 
Straightening is effected by applying 
mechanical forces to a selected portion of 
the workpiecc while it is being simul- 
taneously heated with specially designed 
high-frequency inductors. 

The localized heating effectively prevents 
stresses from building up and so avoids 
many of the drawbacks commonly asso- 
ciated with flame heating. After treatment 
the component may be quenched in oil 
or air and, in general, the metallurgical 
structure is unaltered. This technique (re- 
cently described in Slrojircii'ikii Vyroha) 
offers considerable advantages o\er the 
conventional mechanical straightening 
methixls which, carried out at room tem- 
perature. nia\ take several hours to com- 
plete. 

Air bag used in 
vibration meter 

A RKLMi\u \ibiation meter de\ eloped b\ 
the Scientific Research Institute for Heal 
Engineering. Prague, uses an air-filled 
rubber container instead of springs to ap- 
ply a constant force to the probe and hold 
it in contact with the vibrating object. 
Vibrations are transmitted from the probe, 
via an anvil, to a cylindrical rod carrying 
a pick-up coil, which is free to move 
axially in the air-gap of a permanent mag- 
net. As the rod vibrates, a voltage pro- 
portional to the velocity of vibration is 
induced in the coil. 

The upper end of the rod presses against 
the underside of the flexible air container, 
which applies a constant force lo the rod 
and probe over a wider range of opera- 
tion than is possible with springs. The 
pressure of air in the container can be 
readily adjusted by means of a valve. The 
volume of the container remains ciwsiant 
despite the distortion produced by the 
movement of the vibrating rod. 

The vibrating components of the pick- 
up weigh only three-quarters of an ounce, 
and ii Is claimed thai lliis enables vibra- 
tions to be satisfactorily measured at 
ma\imum accelerations of 50 g. Relatively 
small amplitudes of vibration at low fre- 
quencies can also be readily determined. 
The velocity, acceleration and displace- 
ment components of vibration can all be 
measured vvhen the instrument is used in 
conjunction with a milli-voltmeter. 



GERMANY 

Secure cargoes 

EVKR since the Phoenicians first started trad- 
ing in ships a shifting cargo has been the 
symbol of the sailor's nightmare. Charles 
Sartori, a German inventor, suggests that 
sailors employed on grain cargo ships may 
henceforth sleep in peace. He proposes 
that a tough inllalable balloon, or series 
of balloons, should be introduced between 
the top of the cargo and the underside of 
the deck. The balloons would be inflated 
with compressed air supplied by the en- 
gine room, and arrangements could be 
made for the balloons to be further in- 
flated as the cargo settles. If successful this 
looks as though it might well offer con- 
siderable economic advantages over the 
present somewhat inflexible, cumbersome 
and time-consuming method of securing 
the cargo with tarpaulins, chains and 
ropes. In all probability, turn-round time 
could be reduced. 

Infra-red sorting of 
salt crystals 

pi'RE salt crvslals are transparent to infra- 
red rays, while impurities absorb them and 
so become warm. This fact has been used 
in an elegant manner in a new salt- 
cleaning arrangement. 

Salt crystals are exposed to intense infra- 
red light for about a minute and then 
slide on to a belt covered with low 
molecular styrol resin, which gets sticky 
at a certain lemperalure. The pure crystals, 
being cold, fall olf at the end of the belt: 
the impure ones, being hot. slick to it and 
are carried back at the boltom to a special 
reception box where ihey can easily be 
removed, having b> then cooled down. 



LSSR 

Improved heat-resistant 
glass 

MLK A glass (composed of several metallic 
vixidcs) which has been heated to a tem- 
perature of about (iW f and then sprayed 
with a 10 per ceni si>lulion of an organo- 
silican polymer, polyclhylsiloxane, has 
considerably improved resistance to heat. 
Investigations carried out at the Men- 
deleyev Institute of C hemical Technology, 
Moscow, indicate that ihe improvements 
result from three factors the cementing 
over of micro-cracks on the surface of 
ihe glass, the increased concentration of 
silicon dioxide in the surface layer formed 
by the breakdown of the organosilican 
compound and the increased hardness of 
the glass brought about by the cool spray. 
In addition t>) its improved heat resistance, 
i; is claimed that material treated in this 
way is mechanically strong, uniformly 
hardened and free froiu optical distortions. 




Whichever way you 
look at it . . . 

l;no\v.|i.iw is nl" prinury iiiipi'rl.iiirc in .tie 
nianiil.utiirtng wl Alonilf I iicrjiy i <{tupnu*nt. lliis 
is wliiTc Gra\iiu r st ores, fur wi' i jii iiuki' ilniuNt 
anything in lliis r.itliiT new sphere nf .iilivilv, 
whether ii Ix' .i le.iil-lllleil shieliled i unl.iiner, .i 
Ihiiliiini sli>r.>ge ni.ig.i/ine, .1 ni.ignet lor neutron 
ixMiii ftiiusing or a ;o ton niol)ile tell unit wiih 
viewing winilo\\s anil lunilling ei|uipnient. VVc 
s|X'ii.ilise loo, in the ni.u hining ol gr.iphite. Imli-eil, 
with the reient .l<tilition of ii.^oo sqiwre feel of 
f.iitory >|xue we c.\n iie.il «ith .inMhing from (he 
m.iking of ,1 liny gr.iphile spring i.i.i Kellei Irir f<ir 
.1 Ke.lilor — .ill ini'ler tuntrolleil ile.m conililion',. 
11 therefore uni h.i\e.i nexelopnienl or fVodiulion 
problem, .inr Nik le.ir I ni rgy Division w ill he 
very pleaseil lo help you. Won'l you piy ,t \isit 
lo the Gospori I jtiorj ,iml see wlui we e.m ilof 
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The unknown Indian Ocean: 
an international 
investigation 

Remarkably little is known scientifically about this vast 
Ocean. It is to be the subject of an oceanographic 
investigation which will provide invaluable 
iBfonnatioB — concerning navigation, fisheries, meteorology, 
coastal engineering — to nations living around it 

by Dr G. F. Humphrey 

President, Special Committee on Oceanic Research, 
inteivatioaal Council of Scietitifk Umons 



ABOUT 4,000 years ago, trading posts 
^were established in the north-west 
corner of the Indian Ocean, and since then 
Man has made increasing use of the re- 
sources of that Ocean and of the bordering 
countries. Nevertheless the Indian Oce.in 

is loUay, occanograpliically, almost a tciru 
incognita. More than a dozen countries are 
now planning the most extensive co- 
operative oceanographical investigation 
ever attempted anywhere in the world, and 
it is the Indian Ocean which is the centre 
of attention. 

The investigation was first suggested by 
the Special Committee on Oceanic Re- 
search (SCOR) of the International Coun- 
cil of Scientific Unions. In 1957 the 
Council decided that marine sciences de- 
pended greatly on joiiit effort, and that 
existing arraagemenls were inadequate for 
«neoaraging and cooFdhiating such effort 
At its first meeting (August, 19S7, In the 
United States) SOOR dedded that it 
ahould {dan an Intematiooal investigatioa 
on one of the least-known and yet one 
of the most scientifically important areas. 
The Indian Ocean was chosen not only be- 
cause it is poorly known scientifically, but 
also because it presents a variety of in- 
teresting and important problems. Some of 
these problems arise because the Indian 



Ocean has a seasonal reversal of winds 
(NE and SW monsoons) and is more or 
less closed on three sides with much land- 
drainage from the north. As a conse- 
quence, during the investigations much 
edort will be devoted to the peculiarities 

of water movements arising from the sharp 
reversals in wind direction. The biological 
consequences of these movements will also 
be studied. Again, the unique conditions 
in the Indian Ocean provide an oppor- 
tunity for the critical study of the exchange 
of energy between the sea and the air. 
Such exchanges have important effects in 
determining weather patterns throughout 
the world. 

The programme is being organized by 
SCOR through national committees which 
have so far been set up in 18 countries. 
To assist the organizing of tlie pro- 
granunes, the US National Academy of 
Sciences has provided a coordinator whose 
mahi task Is to srimiilate early plannfaig of 
cruises. With our pieseot information it 
seems the cmuei wiU foil into five 
categories: 

1. Reconnaissance cruises by USSR, 
USA and Australia, 1959-62. 

2. Close Japanese-Australian cooperation 
in the eastern half from 8° N to 45° S 
during two seasons in 1962-63. 



3. Cooperation by France, Britain, 
USA, Zanzibar, USSR and possibly Ger- 
many in the Arabian Sea and southwards, 
mainly in 1963. 

4. Work by three South African ships 
and a Ftendi ship along the east coast 
of Africa and in the region of the Agulhas 
current during 1962-63. 

5. Work by Indian and Pakistani ships 
in their coastal waters in 1962-63. 

Some of these ships will be well- 
equipped oceanographic vessels; others will 
be fishing or hydrographic vessels with 
special equipment aboard solely for the in- 
vestigations. The cruises already completed 
or in progress are shown in Figure 1. 

SCOR hopes that in addition to the 
scientific work being carried out there 
will be a great emphasis on training and 
that the newly-developing countries of the 
Indian Ocean region and of the Indo- 
Pacific and south-east Asian areas will 
seize the opportunity to nominate young 
scientists to take part in the sea-going and 
laboratory work. Already several countries 
have offered training places and UNESCO 
has expressed willingness to cooperate. In 
fact, training and the help which UNESCO 
could give have assumed such an impor- 
tant place that SCOR has asked UNESCO 
to act as a co-sponsor of the investigations. 

There will be no master plan in the sense 
of a grid of stations to be followed, but 
the migrating piindpte will be that the 
adentists will agree on major problons 
which wni orient the field work. The 
national conunittees will be kept informed - 
of the discussions at the meetings of SCOR 
and of its working groups, and these com- 
mittees will be in touch with the marine 
laboratories in the various countries. It is 
these institutes which will decide the cruise 
programmes. Thus these programmes de- 
pend greatly on the interests and facilities 
of the laboratories. The unique oppor- 
tunity to collaborate on an international 
scale, and to concentrate several disciplines 
on a variety of important problems, have 
meant that laboratories throughout the 
world are, to some extent, setting aside 
their ordinary programmes. It is thought 
that such temporary dislocation of local 
investigations will be more than offset by 
the value of the new information which 
can result only from collaborative effort 
As an example of the difference in ap- 
proach of various laboratories. Table I 
shows some details for cruises recently 
started by Australia, Japan and USA. 

Of the three countries mentioned in the 
taUe, Australia is the only one which 
borders on the Indian Ocean. Because of 
thb, Australia does not have to allow for 
"dead" travel time to reach the area. The 
cruises by countries such as Britain, 
USSR and USA include several weeks 
simply on passage, and although this time 
is used to make oceanographical studies 
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In the regions through which the ships pass, 
the consequent lengthening of the cruises 
raises problems of cost and of relieving 
Staff at reasonable intervals. 

The proximity to the area ako influences 
the type of work which is being done. For 
example, Australia is in a position to make 
regular cruises to the south-east part of 
the Ocean and has already completed live. 
The first aims were to lind out for each 
of the seasons what tvpes of plankton were 
present, what bodies of water were circu- 
lating and what was the productive capa- 
city of the area. To do this, lines for 
stations were chosen and water samples 
collected from the surface to the bottom. 
Graphs of the temperature and density of 
the water allowed conclusions to be made 
about the patterns of circulation. At the 
same stations, nets were towed through 

the top 500 metres to collect the .ininial 

plankton; water samples were also collec- 
ted in the top 150 metres so that the plant 
pilankton could be centrifuged out and 
thus collected. The productive capacity of 
the water was measured by adding some 
radioactive sodium bicarbonate and deter- 
mining how much was changed into or- 
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Cruises already compleu tl or in progress. 

Tabu; I. 
Types of irtmes. 



no* 



I40» 



Countiy 
Ship 

Laboratory 
Route 



Duration 

Main 
invcatigatioiis 



jAuslratia 

HM AS DidDiaiitina 

!CSIR0 Division of 
Hisherics and 
Oceanography 

Perth Singapore — 
Djakarta- Pt. 
M oresby — Darwin 
—Perth 



|3 months 

Plankton collecli«nt 
DeptlHsoimding 
Upwelling off NW 

Australia 
Effect of SE Asian 

waters on Indian 

Ocean 
Water mass 

d-^;ribuiion 



Japan 

Vmilaka Marii 

Tokyo University of 
Fisheries 



Tok\ o Darwin — 
Perth <. olombo — 
Singapore — Tokyo 



4 months 

Plankton collections 
Depth-sounding 



Trawling 



\V;,lc- 

di-; 



USA 
Argo 

Scrtpps Institution of 
Oceanography 



Pi M4>resby — Darwin — 
Djakarta -Cocos I. 
— Mauritius — Perth 
—Wellington — 
Tahiti San Diego 

6 months 

Plankton collections 
Depth-sounding 

Seismic studies 
Bottom sampling and 

photography 
Magnetic deter- 

minations 
Trace elements 



Copyrighted material 



38 



NEW SCIENTIST (No 216). 5 JANUARY 1961 



The unknown Indian Ocean : an international investigation continued 





A grab going down to sample the sea floor and (right) being emptied of animals and bottom sediment it collet ted. 



ganic compounds by the pholosynthesizing 
action of the plant plankton. 

The Japanese scientists on their cruise 
were interested in relating the ocean- 
ographic conditions to the occurrence of 
fish. Therefore animal planklon were 
collected because these are used by the fish 
for food and also the eggs and larvae of 
fish are sometimes caught along with the 
plankton. These plankton collections were 
made, together with determinations of the 
temperature and density of the water, at 
the same time as fishing operations were 
carried out. 

The aims of the USA cruise were quite 
different from those of either the Austra- 
lian or Japanese. This cruise was the 
first of the series to be made by ttie Scripps 
Institution and was a reconnaissance one 
which also tried to solve a few significant 
problems. The reconnaissance part was a 
loop nearly right across the Indian Ocean, 
■with zig-zag runs from Djakarta lo 
Mauritius, via Cocos Island, and from 
Mauritius east to Perth, via Amsterdam 
and St. Paul Islands. General ocean- 
ographic work was carried out, including 
water-sampling to the bottom, mid-water 
trawls, bottom dredges for biological 
material and mineral deposits and large 



samples of water for radiocarbon dating. 
The special problems were in the field of 
submarine geophysics and included plot- 
ting the structure of the Java trench and 
making seismic, heat-flow, magnetic and 
gravity measurements in the area. Similar 
work was done over the Indian Ocean 
Median Rise to compare its structure with 
the East Pacific Rise. 

Although these three cruise programmes 
dilTer, they have some elements in com- 
mon. For example, all will lake depth 
measurements and all will analyse water 
samples. In general, the ships and labora- 
tories use similar but slighily different 
methods, and if atlases and charts are to 
be prepared from the composite results, 
it must be shown that the methods give 
the same values or values which can be 
corrected to a common level. To determine 
the value of such correction factors, it is 
necessary lo bring the working scientists 
and their apparatus together on to a ship 
or group of ships and to carry out inter- 
calibration tests. Arrangements for this 
type of field work are already in hand and 
it is proposed thai the first group of 
methods to be examined will be those con- 
cerned with the estimation of nutrient salts 
(phosphate and nitrate) in sea-water. 



What will come from all these investiga- 
tions? The cooperation will show that 
scientists and nations can join together in 
an exploration of a vast area of our globe, 
without thought of immediate national 
benefit. The coordinated information ob- 
tained will allow a sjluiion of fundamental 
problems such as those concerning sea/air 
interaction. The surveys of water tem- 
perature, plankton distribution and water 
fertility will document the background 
against which the fisheries resources of the 
region will be assessed. The increase in 
the number of oceanographers in the area 
as a result of the training programmes will 
enable the Indian Cean countries, especi- 
all> those with a newly-developed interest 
in the value of marine sciences, to con- 
duct their own research programmes and 
thus to solve their local problems, whether 
they be in navigation, fisheries, coastal 
engineering or meteorology. 

In fact, these detailed investigations will 
provide the exact information necessary 
for the proper utilization of the great 
potential of the Indian Ocean as a source 
of food, raw material and energy, as a 
controlling factor in climate and as a 
means of communication between the 
neighbouring densely-populated countries. 



Copyrighted material 



NSW aCaBNTBT (No. S JANUARY 1961 

Fetch- and- carry cha cha cha 



39 



Tray held high with a score of orders. 
Forehead heavy with mental calculations. 

If you've ever watched a waiter 

weaving across a crowdrd floor, you'll get an 

idea of our U ansportaiion problems. 

First our markets liavc wildly different 
patterns of consumption. Then to complicate 
matters, crude varies fix>m oilfield to oilfield. 
So our tankers dart about the world, picking . 
up a fantastic \ aricty of products. And these have 
to pass tlirough shore tanks and refineries to all 
sorts of inland carriers — the pipelines, the 
road and rail tankers, the baiges on the Rhine, 
the tractor-drawn sledges in Finland. 

The petrol that goes into your car might be made 
firom crudes from several fields. Another mixture 
went into your daughter's toothbrush, yet another 
into the bitumen road outside your house. If you 
thought that moving oil was simple, please put oh 
a white jacket and try taking some orders. 
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MATERIALS FOR THE FUTURE— 7 

What can 
we do 
with 

whiskers ? 

Filaments of almost perfect 
crystals ("whiskers"), 
tightly bonded in a manner 
resembling fibre glass, 
will yield materials 
stronger than steel and 
a fifth of its weight. 
Lines of research designed 
to exploit their phenomenal 
strength are described here 

by Dr George A. Hoffman 

The RAND Corporation 
Santa Monica, California 



•1 




Typical appearance of "wlii.skcn ". 



THE phenomenal tensile strengths of 
the thin crystalline filaments called 
whiskers lead us naturally to speculate on 
their possible use as some kind of struc- 
tural material. Almost any crystalline sub- 
stance can assume the whisker form under 
suitable conditions — metals, oxides, carbon, 
common salt and most other chemical com- 
pounds — and these whiskers have an im- 
portant property in common; they are 
hundreds of times stronger than the bulk 
crystals (Figure I). 

Theoretically the strength of a solid de- 
pends on the attractive forces between its 
atoms, but in practice it is a very small 
fraction of these forces. The weakness is 
ascribed to the presence in the crystal lat- 
tice of a large number of defects, which 
allow planes of atoms to slip over each 
other. A whisker, however, has such a small 
cross-sectional area that there is hardly any 
room in which certain types of defects can 
exist, and consequently its lattice is quite 
regular and its strength begins to approach 
the theoretical limits of atomic cohesion. 

The essential fact about whiskers, there- 
fore, is that the thinner they are the 
stronger they are. Below a diameter of a 
hundredth of a millimetre their strength in- 
creases rapidly, and at a thousandth of a 
millimetre (one micron) it rises towards the 
theoretical limit. 

Any attempt to weld whiskers together 
would simply produce large, non-filamen- 
tary crystals of normal properties, so the 
only way in which filaments could be made 



into a usable material would be to form 
them into a bonded composite somewhat 
like fibre-glass impregnated plastics. This 
process leads to some loss of available 
strength, as is evident from fibre-glass 
plastic itself, which shows only a third to 
a half of the available strength of the 
virgin glass fibre. But since whiskers are 
several times stronger than our present 
strongest metals, the resulting composite 
will still be of unprecedented strength. 

ll is envisaged that the doscly packed 
whiskers would constitute as much as 80 
per cent of the material and the bonding 
matrix the remaining 20 per cent. The 
whiskers should be aligned in layers, the 
layers forming a net or mesh at any desired 
angle among the aligned whiskers. These 
considerations invited us to closer study of 
the choice of whiskers and binders, the 
likely properties of the resulting material 
and the research necessary to mass produce 
such materials, once we established the 
economic feasibility of this concept. 

Selected whiskers of equal diameter and 
diflferent materials are not equally strong, 
of course, but neither are they of equal 
weight, and the substance chosen should 
be that which exhibits the highest ratio of 
strength to density. An index of whisker 
strength is Young's modulus — the elastic 
stress divided by the strain it produces. 
There is a limit stress beyond which a 
metallic whisker will not recover from the 
strain and vyill be permanently stretched; 
this occurs in some whiskers at strains as 
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high as 3 to 6 per cent, close to the theoreti- 
cal limit This means that the highest stress 
which die best whiskers can stand is some 
definite percentage of their Young's modu- 
lus, and diis percentage has been observed 
to be fairly consistent for whiskers of many 
substances. Therefore it can be said that the 
highest strength of a whisker depends 
mosll> on its modulus. And so the whiskers 
which are most likely to be useful arc those 
with the highest ratio of modulus to den- 
sity, made from such materials as carbon, 
boron carbide, beryllium, boron, silicon 
carbide, alumina and others. Micron-size 
carbon whiskers tested by R. Bacon, of the 
Union Carbide Corporation, withstood 
2,000 kg/ mm-, compared with alloy steel's 
ultimate tensile stress of 100 to 200 kg/mm°. 

Another attractive feature is the beha- 
viour of whiskers at elevated temperatures. 
Whiskers of alt substances show less 
deterioration of stiei^ with increasing 
temperature than the corresponding bulk 
material, uAtS almost the softening tem- 
perature is reached, when they also sud- 
denly weaken. Because the softening tem- 
perature can be related to the melting point 
of the material, we can predict from the 
melting point alone the temperature at 
which the whisker strength can be ex- 
pected to fall drastically. 

Thus, using only data on density, modu- 
lus, melting point and some simple assump- 
tion concerning modulus decrease with 
temperature, wc can calculate the relative 
weights of whiskers of equal strength made 
of various materials over a range of tem- 
perature. The weights, relative to carbon 
at room temperature, of the six best 
materials are shown in Figure 2. Most 
whiskers should show a slow rise, with 
increasing temperature, followed at the 
softening point by a sharp increase in 'the 
weight required to n^intain the same 
strength. It seems diat carbon is unrivalled 
as a whisker material for both lightness 
and high-temperature properties. 

Not all whiskers have the perfection of 
the carefully selected ones used in labora- 
tory experiments. Some possess imperfec- 
tions which make them weak in the region 
of the defect. They may be likened to 
chains in which some link is very weak, 
if a bundle of such chains is tighdy bound 
together the composite strength reflects 
some average strength of the constituents, 
not of the weakest links, since the weak 
spots are by-passed by adjacent chains. 

The chmce of binder for whisker 
materials is dictated by its function in 
transMitting moderate shear stresses be- 
tween adjacent fibres and across weaknesses 
in a given fibre. The binder must have a 
modicum of strength, and considerable 
ductility: moreover, its Young's modulus 
must be considerably lower than that of the 
whiskers, to ensure that the whiskers take 
most of the load when the material is uni- 



are used with fibre-glass composites, may 
well be suitable for whisker binding. They 
fultil all the above conditions except for 
their tliermal expansion, and this mismatch 
might introduce residual stresses in a 
carbon-whisker composite after any ther- 
mal cyde. On this and other accounts it 
.may be necessary to use other binders than 
plastics — possibly metals, which have more 
desirable combinations of properties: the 
question is being settfed now by experi- 
ments. The plastic resins could be used up 
to 300° C, and developments of boron poly- 
mers may extend the temperature up to 
.MX) to 600' C. With metal binders it is 
possible to envisage a suitable alloy which 
would meet most of the necessary require- 
ments, even the matching of thermal expan- 
sion, and still be useful up to perhaps 
1,000^ C, though it may be necessary to 
coat the whiskers with a protective barrier 
material before impregnating the mass widi 
the binder. 

If carbon whiskers could be mass-pro- 
duced with strengths about half that of tbb 
spedaOy selected whiskers, and if we allow 
a 40 per cent w^ght penal^ for die Unders 
and coatings, the' resulting whisker material 
would have the properties shown in Table 
1. whidi gives comparative figures for a 
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Figure 2, Relative weight of equal-strength whiskers. 
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Figure 1. The strength of pure iron 
whiskers as a function of their width. 

formly strained. The binder should also 
wet and grip the filament, not affect it 
chemicaUy, and preferably match its co- 
efficient of thermal expansion. Plastics suth 
as phenolics, silicones and polyesters, which 
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What can we do wffli whiskm? eontmued 



hypothetical whisker material, fibre-glass 
and a steel alloy. Also included are the 
relative weights of spherical pressure 
vessels of equal strength made from the 
three materials. The superiority of whisker 
material is quite dear. 

Whisker composites are highly ortho- 
tropic — that is to say, their physical and 
thermal properties are highly directional. 
Many useful vessel shapes can be derived 
for such orthotropic materials, shapes that 
are uniformly stressed and theieforeliighly 
efficient: tlie most popular form at present 
is still Ibe cylinder (Figure 3a) though the 
ovaloid (Figure 3b) and toroid would be 
also efficient for the many pressure vessels 
in space vehicles. Advantage can also be 
taken of the composites for such more 
mundane applications as cables, instrument 
components, gyrocompass parts, and 
tubing. 

Whiskers may be produced in many 
ways, such as extrusion from soft metals 
under high stress, electrolytic deposition 
from a molten salt, condensation from a 
vapour, reduction of salts by the passage 
of hydrogen or the presence of a reducing 
agent, and precipitation from solution. In 
addition, vitreous filaments of micron 
diameters can be drawn from the liquid 
slate of glasses, silica and some silicates, 
and although they are not as strong as 
whiskers they should not be overlooked. 
All these methods could conceivably be 
used for mass production. If the growth of 
crystals could be made orderly it would 
gmidy bcilitale their collection. This con- 
trol of alignment, thinness and length may 
be achieved by proper saturation, tempera- 
tune a4justment and the ose of magnetic 
or electrostatic fields. The final harvesting 
would be effected by vibration or mechanic 
cal scraping. 

From this point onwards the production 
of whisker composites would resemble the 
known techniques of fibre-glass manufac- 
ture. The spinning of the fine whiskers into 
strands and the weaving of the strands into 
sheets would be analogous to spinning and 
weaving in the textile industry. The woven 
product would be brought into its final 
form by impregnation with the coating 




(•) 




FnilRE 3. Among the potentially useful shapes of pressure vessels made of whisker 
composites are (a) the cylinder with ovaloid ends using a mesh of strands and (b) tlu 
ovaloid with aigned strands. The lines indicate how the whiskers lie. 



chemical and with the binder, pressing, and 
curing. 

Any estimate of the cost of whisker 
material is bound to be in the nature of a 
guess at this time, but it is sure that it will 
be expensive, as high as ten or twenty times 
the cost of other space vehicle materials. 
But 1 lb of whisker material can replace 
5 or 10 lb of conventional materials, and 
the value or "worth-in-usc" of this sub- 
stantial weight-saving is extremely high, of 
the order of the whisker manufacturing 
costs. That is, the wortfi of saving 1 lb of 



Table 1 

The hypothetical properties of whisker material compared with fibre-glass and steel. Also 
included are the weights* relative to steel, of spherical vessels of equal strength made 

from tiie three materials. 



Materia 



Whisker composite 

Best-fibred-glass plastic 
(1960) 

Steel alloy (1960) 



Density 
g/cm' 



1.7 



2.2 
8.5 



Assumed 
Tensile 
Strength 
(kglmm^) 

fiOO 



100 
200 



Modulus of 
Elasticity 
(kgfmm*) 

WfiOO 



4.500 
20,000 



Relative 
Vessel 
Weight 

0.10 



0.78 
.1 



vehicle weight (in £ per lb), being in the 
order of the production cost of the 
materials (also in £ per lb), permits an 
educated guess as to the economic advan- 
tages of a material that in turn permits a 
-■i to U) weight reduction factor: the econo- 
mics of the matter point thus to a 5- to 
10-fold advantage. 

It may be concluded that whisker 
materials possess just as attractive econo- 
mic features as their teclmologiad advan- 
tages of allowing a weight reduction to a 
fifth or a tenth of present convnttional 
materiak. The production of whiskers in 
sufficient quantity and quality poses some 
formidable questions, though the' manid^ 
turing processes thereafter would be similar 
to those already in use elsewhere; thus the 
topics for research are copious. We must 
remember that it took forty years to ad- 
vance from the observation of the strength 
of glass fibres to their utilization, and we 
may expect perhaps a generation to elapse 
before the elfcctive exploitation of whiskers 
is achieved. The potential advantages are 
so great, however, that research on the 
subject is not being postponed, and many 
experiments are being carried out to ex- 
ploit the phenomenal strength of whiskers. 
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It seems to me 



POLITICIANS are ndiorinusls indiircrent to 
(and incompetent with) quantitative 
measurements, so that it is no wonder 
that the concept of "eudomony" whii.n 
Sir Charles Goodeve dangled before a 
conference on operational research last 
ajitumn has fallen on stony ground. 
However. I am sure that with a little 
care most of them would be able to 
appreciate that this at least is one way 
in which it mi^t be possible to give flesh 
aind blood to that old political saw— 
**the greatest good for the greatest 
number". 

To be fair to Sir Charles, I should 
point out that his main purpose was to 
prove by demonstration that tiiere was no 
natural law wiiich decreed that pohtics 
should remain a purely irrational acti- 
vity. "Eudomony" was meant to be a 
quantity representing the attractiveness 
of life for a specilied population in a 
particular social environment. Just as the 
temperature of a body (not politic but 
physical) can be regarded as a measure 
of the tendency there will be for heat to 
be transferred from this to some other 
body, so eudomony would be linked with 
the tendency of people to move from one 
society to another. And since a direct 
measurement of eudomony would be 
difficult. Sir Charles suggested that this 
could be done by measuring the migra- 
tory tendencies of human populations. 

The implications of this' doctrine are. 
of course, fascinating. For instance, one; 
techniques had been worked out for 
measuring the country's eudomony on a 
da\ -to-day basis (perhaps there would 
be a daily record of the eudomony in the 
national newspapers) politicians would 
be exposed to a much more potent source 
of restraining criticism than any they 
experience at the moment. The introduc- 
tion of unpopular Parliamentary Bills 
would be followed by a slump in eudo- 
mony before these could be debated. 
Sixpence olT income tax. and up would 
soar this telling index of national morale. 

The most serious practical diiliculty. 
it seems to me, would be the need to 
make seasonal corrections to the index. 

After all. it would be misleading if there 
were to be slumps in the eudomonic 
index simply because it had been raining 
continuously for eleven weeks, or great 
upwellings of public feeling because it 
had been fine for Princess Margaret's 
wedding (the only fine day of 1969, as Is 
well known). From a broader point of 
view it is worth remarking that the 



"maximization of eudomon,\" would 
seem a more sophisticated version of the 
old socialist doctrine, and that in any 
case it would be an excellent thing if 
politicians were to be perpetually re- 
minded that their real job is to make the 
country one from which people do not 
generally wish to flee. 

★ 

i;\TRYBODV is, of course, delighted that 
Professor Lovell is to be knighted, 
though his friends are properly sym- 
pathetic at the decision of some Britisii 
newspapers that he should be entitled 
"Sir Space" — an epithet which some of 
them also used to mark the knighthood . 
of Sir Harrie Massey a little while ago. 
It is particularly pleasing that Profes- 
sor Lovell's name should have appeared 
on the Prime Minister's list in the New 
Year Honours, for this would outwardly 
serve to demonstrate that the Govern- 
ment as a whole is grateful for the initia- 
tive which Professor Lovell has shown 
in the creation of the Jodrell Bank tele- 
scope and the complex of research 
activity which goes with it. 

Tliose with long memories, iiowever, 
will know that nothing is further from 
the truth. Eagerly the Treasury has 
accepted the ad\ice of the Public 
Accounts Committee that Mancheslcr 
University should be left to its own de- 
vices in raising the outstanding debt on 
the telescope, and in the process has 
shivered the spines of all universities in 
which imaginative ideas are part of -the 
stock-in-trade. 

I know that Manchester University 
has proudly reconciled itself to this 
situation, and with all the rectitude of a 
canny north-countryman has set about 
pajing its debts. "No one shall ever sas 
that we couldn't pa\ in brass." the honest 
burghers of the town are probably mut- 
tering to themseKes. Heroism of this 
masochistic kind is not. however, free 
from danger, and I nivself am somewhat 
alarmed about the steps which miglit 
be taken in Manchester and other 
universities to implement the natural 

feeling "It >.h:in"t h;ippc]i :ie.nnl" The 
Treasur\"s miserliness about the .lodrell 
Bank telescope could easily complicate 
the launching of other similar research 
projects. 

THE following excerpt from real life is 
offered to General Charles de Gaulle. 
President of France, to mark his recent . 



by Geminus 



payment of another instalment of the 
entrance fee to the Nuclear Club. As is 
well known, the size and number of 
future instalments is yet to be settled by 
the founding members of the club. 

Scene: breakfast time, 28 December, 
1960. Players: A boy of nine, a girl of 
five, and their fiither. 

Girl fpointing at picture on front page 
of popular newspaper): Dad, what's 
that? 

Father: It's a picture of a big bomb 
being let off. 

Girl: Why did they do that? Is there a 

war? 

Father: No, they were just trying it to 
see whether it worked. 

Boy (dragging eyes reluctantly from a 
comic): Who let it off? Was it the 
Americans or the Russians? They are 

going to have a war. aren't they? 

i'aihcr: Well. no. It was the French. 
And whii said tlie Americans and the 
Russians were going to have a war? 

B&y: I heard it at school. But if there 
isn't going to be a war why are they 

putting this picture in the paper? 

Ftiilicr: That's because everybody 
knew that the Americans and the Rus- 
sians had bombs, but it's only last year 
that the French let their first one off. 

Boy: They had bombs in the last war, 

ti^o. didn't they? 

Fatlwr: 'N es. but these are dilTcrent. 
Thev're much bigger. 

Girl: Have we got them too? 
Father: Yes. 

Boy: Then why don't we try them out? 

Father: We have done, but for more 
than two years nobody except the French 
has been trying out bombs. This is 
because everyboidy's hoping that they 
may be able to agree not to try them out 
any more, which shows that everybody 
is trying to see there won't be a war. 

B»y: But if the French try them out 

iliere's bound to be a war, isn't there? I 

c.in'l see how they can liclp it. 

Girl: Do they have to try them out to 
make sure they will work? 
Father: Well, that's what the people 

w ho make them always say. 

Girl: 1 don't think they should. 
Father: Why do you say that? 
Girl: It's a waste of bombs. 
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Trends and Discoveries 



New theory of planets from Sun 

ONE of the earlier theories of the origin of 
the solar system, now largely abandoned, 
was that the planets condensed from a 
single long filament of gas drawn from the 
Sun by the gravitational field of a star which 
passed close by. The idea arose from 
Bode's law which shows that there is a 
mathematical relationship between the 
radii of the orbits of all the planets except 
Neptune and Mercury. 

The accompanying diagram illustrates a 
more plausible modification of this theory 
suggested by M. M. Woolfson of the 
Physics Department, Manchester College of 
Science and Technology (Nature. Vol. 188, 
p. 1179). He proposes that a star, about 
one tenth the mass of the Sun, approached 
and passed it on a parabolic orbit. It pulled 
out a large tidal bulge on the Sun which 
oscillated with a natural frequency of 
nearly seven years. Every time the tide 
reached its maximum, the Sun ejected a 
mass of gas which became a planet. How- 
ever, as the star was moving farther on all 
the time, planets detached themselves at 



successive positions round the Sun, as the 
figure shows. 

Dr. Woolfson estimates both the tidal 
bulge and the closest approach of the star 
to the Sun to be of the order of several 
thousand million kilometres. 

The embryonic planet would start on an 
orbit which was controlled by the Sun's 
gravitational field more strongly than by 
that of the star. Its subsequent motion and 
orbit woulddepend on the height of the tidal 
bulge and its angular velocity, which would 
increase as the star got nearer to the Sun. 
The eccentricities of the orbits would even- 
tually be reduced by the friction on the 
planets of the material surrounding the 
Sun. This means that they should be 
smaller for the planets closer to the Sun. 

The facts fit these theoretical suggestions 
very well except in the case of Mercury — 
Neptune is catered for this time — and in 
addition the idea predicts two additional 
planets, X and Y, between Mars and Jupi- 
ter. These may subsequently have collided 
to form the asteroid belt. 




Early stages of nitrogen fixation 

ONE of the most important processes 
occurring in nature is the fixation of 
atmo.spheric nitrogen into biological 
materials. Scientists have long known that 
leguminous plants such as clover, peas, 
beans, etc., will fix inorganic gaseous 
nitrogen. This takes place in their root 
nodules and the agents responsible are 
bacteria living in these structures. Study on 
the mechanism of this kind of fixation was 
greatly facilitated when scientists at the 
University of Wisconsin obtained fixation 
in isolated nodules. 

However, the reactions which the inert 
nitrogen gas undergoes in the nodules 
before it appears in amino acids, proteins, 
nucleic acids and innumerable other 
nitrogen-containing compounds in the 
plant, are still obscure. Using the isotope 
nitrogen-15, though, biochemists showed 
that ammonia and two amino acids 



(aspartic acid and glutamic acid) were 
probably closely connected with the 
fixation reactions. 

The late N. Bauer of Utah State Univer- 
sity recently put forward a hypothesis for 
the very early stages of nitrogen fixation 
(Naltirc, 188, p. 471). The root nodules 
contain iron-proteins related to haemoglo- 
bin in blood. Dr. Bauer suggests that 
atmospheric nitrogen combines with 
hydrogen on these proteins, resulting in the 
formation of a temporary compound N;H. 
This could then undergo further reactions 
to give ammonia (NH,) considered to be 
the link between inorganic and organic 
nitrogen. With modern physical techniques 
it may be possible to delect the production 
of the short-lived compound N .H. Till this 
is done, however, the explanation of the 
early stages of nitrogen fixation must re- 
main speculative. 



Tobacco mosaic virus 
chemistry revealed 

TOBACCO mosaic virus, or TMV, is made up 
solely of RNA (ribonucleic acid) and 
protein. The RNA by itself retains all the 
essential properties of the intact virus, and 
is able to infect tobacco leaves and cause 
the replication of many new intact virus 
particles. The RNA thus contains all the 
biochemical information necessary for re- 
plication and synthesis of the structural 
protein. H. L. Fraenkel-Conrat, and others 
of the University of California, have now 
elucidated the amino acid sequence of the 
protein of TMV {Proceedings of the 
National Academy of Science, Vol. 46, p. 
1463). This protein is made up of subunits 
consisting of 158 amino acids, and except 
for a few minor details the order of these 
residues in the protein molecule has been 
determined and agrees with the results of 
parallel experiments carried out at Tubin- 
gen University. 

TMV protein is not only the first viral 
protein whose sequence has been deter- 
mined but also the longest. The hormone 
insulin and the enzyme ribonuclease, 
whose structures were published recently, 
are made up of 51 and 124 amino acids 
respectively. 

This work is of major importance as it 
should now be comparatively easy to study 
the elTects which alterations in the RNA 
structure have on the amino acid sequence 
of the protein. In fact one such observa- 
tion has already been reported. This type 
of approach will help to solve the problem 
of how nucleic acids code information and 
thus control the genetic make up of living 
cells. 

Snags to open heart surgery 

WITH the advent of the heart-lung machine 
surgeons have restored many cases of 
congenital heart disease to a normal or 
near-normal existence. Formerly they 
would have considered such patients in- 
operable, because they could not stop the 
circulation for a long enough period. But 
the new technique is not yet perfect. A. 
Silverstein of the Mount Sinai Hospital, 
New York, remarks that although open- 
heart surgery with the heart-lung machine 
may be technically successful at the time, 
the brain frequently suffers from oxygen 
lack. 

He reports cerebral complications in a 
third of a series of patients who underwent 
open-heart surgery at his hospital. There 
was clear-cut evidence of pathological in- 
volvement of the brain either clinically, 
from electroencephalography, or from 
post-mortem evidence in those patients 
who survived the operation but died some 
time later. Dr. Silverstein states that during 
the operation there are changes in the 
electroencephalogram, particularly if it 
lasts for more than half an hour. The most 
important factor is oxygen lack while the 
blood is being pumped artificially round 
the body. It is hoped that new techniques 
will overcome this. (.Neurology, Vol. 10, p. 
987.) 
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Geoloiiical aj^es, pressures and 

tuKKLM thcoiics on geophysics suppose 
that the lowci pu t M the Iiarlh's crust and 
the underlying mantle are composed of the 
iron-magnesium silicate olivine. F. R. Boyd 
and J. L. England, of the Institution's Geo- 
physics Laboratory, compressed the iron- 
rich variety of this mineral at a high 
temperature and a pressure of 60,000 to 
80,000 atmospheres and thus contrived to 
change it into the denser crystalline form 
spinel. 1 hose l e^^llls indicate what may hap- 
pen in the Earth's mantle at a depth of 400 
kilometres uhcre seismic measurements 
have shown that there is a sharp density 
discontinuity . 

I he same pair of scientists have also 
niaiKiged to synthesize industrial quality 
diamonds from graphite, ujider a pressure 
of 75.(X)() atmospheres anti a temperainre 
of 1500" C". I his achievement is similar 
to the one by the General Electric Com- 
pany in I95S, but here has academic signi- 
ficance for the understanding of geological 
processes. 

Among other studies this laboratory 



processes 

has continued t<) work on the radioactive 
dating of rocks, as has the Department of 
Terrestrial Magnetism. Long term diffusion 
of the products of radioactive decay is now 
established as the reason for discordant 
values between the various Independent 
radioactive methods. One of the most im- 
portant geophysical points to clear up is 
whether or not mountain building is a con- 
tinual or spastnodic process, and whether 
oi not it has occurred simultaneously in all 
continents. Radioactive clocks appear to 
be disturbed by mountain building and the 
current v\ork may ultimately lead to more 
reliable answers iji this field. 

Geologists arc always on the search for 
quantitative ways of making their observa- 
tions. One important requirement of this 
kind has been the desirabililv of finding a 
reliable natural pressure indicator for 
rocks. H. S. Yoder and his coUei^Bues have 
shown that the solid solution of the mineral 
series almandite-pyrope-garnet may pos- 
sibly provide one of these systems if the 
local rock teniperatures can be estimated. 



RNA, DI\A, imniunoIo!{y and photosynthesis 



Topics from the President's Report, 
Carnegie Institution of Wasfungton. 
1959-1960. 

The most distant view ever 

IN the field of astronomy R. Minkowski 
succeeded in photographing the most dis- 
tant object ever seen. This corresponds in 
position with a part of space from which 
scientists, both at the Cavendish Labora- 
tory, Cambridge, and at the California In- 
stitute of Technology Owen's Valley 
observatory, had previously observed radio 
emission. 

ft is a cluster of galaxies which appears 
to be receding at nearly half the velocity 
of light away from the Earth. That this 
forms a radio source is probably due to 
collisions between the component galaxies 
as in the source Cygnus A, which, however, 
is estimated to be about eight times closer 
than Dr. Minkowski's object The absolute 
distance of the cluster is uncertain but is 
of the order of thousands of millions of 
light years. W. A. Baum measured the 
magnitudes of the separate galaxies within 
the cluster, and conlirmed spectral observa- 
tions of Dr. Minkowski indicating that one 
of the brightest of these was the radio 
source. I hey carried out this work at the 
Mount V\ilson and Mount Paloniar ob- 
servatories. I he picture of the distant 
cluster was obtained with the 200 inch 
Hale telescope. 

H. W. Babcock measured the strongest 
naturally occurring magnetic field. The 
sur (HD 215441) has a fluctuating field, 
which at one time in its variation has a 
value of 34,400 gauss. fThe Earth's field is 
only about half a gauss and large sunspots 
have fields of almost 4,000 gauss.) This dis- 
covery may induce theoreticians to recon- 
sider the importance of magnetic effects in 
ideas about the structure of stars. 

A group iif scientists under .1. 1 . Circen- 
slein has found more stars with atmospheres 
having chemical compositions very dill'er- 
ent from that of the Sun or its neighbours. 
I he abundance of llie light metals lithium 
and beryllium fluctuated heavily by factors 
even greater than a hundred. One star had 
a hundred times more phosphorus ihan 
the .Sun. Studies like these, of course, help 
to increase our knowledge of the structure 
and fundamental processes of the universe. 



till Biophysics Section of the Institution of 
the Department of Icrrestrial Magnetism. 
W ashington. has continued fruitful research 
.ilong a niniiber of dilferent lines. R. B. 
Roberts and his associates separated ribo- 
nucleic .icid (RNA) from the so-called 
ribosomes in the bacterium Eschcru hia coli. 
These are intracellular particles which seem 
to be connected in some way with the cellu- 
lar metabolism. Large molecules of the 
RNA could be broken up into units (called 
4S units) a twentieth or one-fortieth their 
size, and the biologists found that these also 
occurred naturally in the cells. Further 
radioactive tracer work showed that the 
4S units may be the basic "bricks" which 
build up the protein and RNA molecules 
during synthesis. 

A. D. Hershe\ and his team in the 
Genetics Department analysed deow ribo- 
nucleic acid (DN.\) from a bacteriophage 
and succeeded in identifying half and 
quarter molecules of this substance. From 
the molecular wei^ts of these they deduced 
that a particle of bacteriophage (T2) con- 
tained two molecules of DNA. each with 
a molecular weight of about SO million. The 



chromosome of the phage may consist of 
either or both ()f these molecules. 15. I', 
kaufniann am! his co-workers showed lh.it 
.1 cheniie.il .igerit. ihe en/ynie deoxy l ibonu- 
clease, could produce genetic mutations in 
Drosophiia melunogasier. He suggests that 
even mild chemicals produced in cells. may 
have similar efl'ects. 

In the Department of Embryology. Balti- 
more, J. D. Ebert and L. E. OeLanney. in 
some immunological work involving the 
grafting of tissues from chicken spleens, 
concluded tentatively that cells of both the 
donor of the graft tissue, and the recipient 
host, played a part in the immune rcactii)n. 
I he host cells, however, were numerically 
the most important. 

Studies in the mechanism of photosyn- 
thesis have continued in the Department of 
Plant Biology. It has been shown that two 
parts o( this chemical process are supplied 
with energy absorbed from the sun by quite 
different pigments. The work of Abclson 
and Hoering (New Scientist Vol. 8, p. 1544) 
at the Geophysical Laboratory, on the pre- 
ferential fixing of carbon isotopes by plants, 
is also continuing. 



an enlirelv chemical sncrni diluent with 
carbon dioxide was an important factor in 
preserving the life and fertility of bull 
sperms (U. D. Sliarnia. JdiiiihiI i>j Aiiiiinil 
Morphology uiiJ Pliy.hiology, Vol. 7, p. .17). 

Further research along these lines will be 
of importance in two different fields. Pre- 
servation of bull sperms at room tempera- 
tures is likely to be useful in artificial in- 
semination studies, and as regards human 
sperms, these techniques will allow investi- 
gation of the metabolism and functioning 
of young and old human cells under 
conditions more closely defined and con- 
trolled than has been possible till now. 



Keepin!( sperms at ordinary tei 

i« I 1, spei ni kept in the dai k at room tem- 
perature for 1-6 days in a diluent contain- 
ing sodium citrate, coconut milk, a little 
egg-\olk anil some antibiotics gave as good 
a conception rale as sperm refrigerated at 
5 ' C in coconut milk and glycerol (C. 
Norman and others, Aiuiioiiiiail Hironl. 
Vol. 137, p. 384). The team of scientists 
from West Virginia University who did 
this work have now succeeded in maintain- 
ing human sperms at room temperatures in 
.t chetnically defined medium (C. Norman 
and others, Naiiire, Vol. 188, p. 760). 

They separated sperms from seminal 
fluid by centrifuging. and then diluted 



peratures 

them with a solution called Mediinn l')'^. 
1 hey added antibiotics and a fungicide, 
.ind kept the sperms in the dark in small 
plastic vials, recording ilaily iheir nihility 
to move, and the pri>poriion remaining 
alive. Ihe number of live and reasonably 
mobile cells remained relatively steady for 
up to five days. The solution was buffered 
to keep the pH of the suspension constant, 
and the team found that a "tris", or phos- 
phate bufi'er. gave better results than a 
bicarbonate-carbon dioxide bulfcr. This 
contrasts with the resuhs of an Indian 
zoolojpst working on the same problem at 
Illinois University who found that gassing 
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Books 

Touch and sight 

in the perception of space 



by Sir Stewart Duke-Elder 



SfSM Mid Sight By M. von Seaden. 

Methuen & Co., 348 pp.. 42s. 

FOR centuries the nature of spatial percep- 
tion, and indeed of all perception, has in- 
trigued philosophers; it is a subject in which 
it is notoriously difficult to attain finality, 
it is not unexpected, ihcrcforc, that two 
schools of thought exist— the nativistic, 
which claims that perceptual processes are 
basically intuitional, received by us as a 
legacy at birth, and the empirical school 
vMeh insists that all ideation is laboriously 
built up by experience. The intellectual 
controversy engaged the attention of such 
early philosophers as Descartes, Locke, 
Leibnitz, Berkeley, Hume and Kant, and 
in the field of visual perception the two 
sides were energetically defended a century 
ago by Hering and von Helmholtz. 

It might be thought that the matter 
could well be put to a practical test It 
was first suggested to Locke by his Irish 
friend, William Molyneux, in 1690, whose 
blind wife probably led him to think on 
these lines, that an answer could be derived 
from the observation of the reactions of 
persons born blind if they had been sud- 
denly made to see by a surgical operation. 
On acquiring the seme of sight for the first 
time, would sncb a person recognize objects 
by sigjit which he had hitherto known 
through touch alone, would he be able to 
interpret what he saw, or would the spatial 
aspects of seeing be something outside his 
Icen to be learned like a new and strange 
language? 

Von Senden has diligently studied the re- 
ports of 58 out of the 66 cases of this nature 
found in the literature, and from the study 
he emerges a complete empiricist. There is 
no doubt that the performance of such a 
person to whom sight has suddenly been 
given is poor, and that he has great diffi- 
culty in translating a world explored by the 
tactile and kinaesthetic senses into the terms 
of a new world spread before him by his 
visual sense. From this von Senden argues 
that an awareness of space cannot be 
acquired by the tactile sense alone; but 
could this not be interpreted merely as a 
demonstration of the indisputable fact that 
feeling and seeing are quite distinct? It 
could be argued ih-it a blind man has a 
spatial world although of dimensions 
peculiar to itself wherein space is limited 
by an arm-span or the counting of steps. 



and it is not surprising that the translation 
of this into the wider spatial w orld of vision 
is difficult. Moreover, many of the cases 
quoted in the literature have been poorly 
reported, pacticulaiiy from the psycfao- 



Tales, marvellous tales 

The Fifteen Wooden of the World. By 
Rene Poirier. Translated by Margaret 
Crosland. 

GoUancz, 400 pp.. 258. 

FOUR hundred pages, fifty-four plates, fifty- 
four line drawings and diagrams in the text 
— no one can complain that this book fails 
to give value for money. It is the literary 
equivalent of one of those bargain price 
coach tours arranged by enterprising travel 
agencies. M. Poirier enthusiastically whiris 
us along through time and space: "On my 
right the pyiamids, mi my left die Great 
Wan of Odna** and so on past die Palace 
of Versailles, the Atlantic Cable, the Ameri- 
can Transcontinental railway, the London 
Underground, the Forth Bridge, the Eiffel 
Tower, the Panama Canal and the Simplon 
Tunnel until he finally lands his passengers, 
somewhat breathless and bewildered at-tbe 
Oak Ridge Atomic Power Project. 

On intensive sight-seeing tours of this 
kind the passenger feels stunned by the 
eloquence of his guide and it is only after- 
wards that he begins to ask himself un- 
easily: "Was he really right about that? 
If not, was he wrong or did that nice inter- 
preter. Miss Crosland, mistranslate his 
meaning?" In this case our suspicions are 
aroused whea we find aa early print of Sir 
Marc Brunet's Thames Tunnel (opened 
1843) reproduced over the caption: "An 
entrance to a Metropolitan Railway station 
about 1870." They are confirmed by a 
fanciful picture of an early American rack 
train on a vertiginous gradient presented to 
us as a scene on the Transcontinental Rail- 
way. Marc Brunei is confused with his son 
Isambard. a mistake which no Frenchman 
should make, while Sir Daniel Gooch re- 
ceives no mention in the chapter on the 
transatlantic cable though he was awarded 



logical point of view, and none has been 
adequately analysed and studied before and 
after the intervention of surgery. It is to be 
expected, therefore, that many of them are 
contradictory in their findings. It is unlikely 
that many such cases will be recorded in 
the future, owing to the ready access of 
most communities to early surgery, so that 
the sources of information of this nature 
will probably never be greatly increased. 

Von Senden makes a good case for his 
point of view, but it cannot be said that it 
is absolutely ooaWnctng; moreover, the 
three authonties who coirtribute appendket 
— a philosplier, a zoologist and a psychcdo- 
gist— do not find it so. There is no doubt 
whatever that the more refined aspects of 
visual spatial discrimination depend on 
learning, but with the evidence presented 
the philosophical question as to whether all 
spatial appreciation is derived in this way 
remains unanswered. It may well be that 
neither an out-and-out nativism or empiri- 
cism can meet the case. 



a baronetcy for the great part he played in 
that venture. 

Such criticisms may sound captious, but 
these arc not isolated faults. M. Poirier has 
taken a lot of trouble as his list of sources 
shows, but the truth is that unless a writer 
approaches his subjects with some fore- 
knowledge and sound technical equipment, 
even the best authorities may mislead him, 
nor can he judge which are the reliable 
authorities. That is the great risk in writing 
a book of this kind. The total result in tfeds 
case is very readable and many at the illus- 
trations are fascinating but, like our daily 
newspaper, too great a reliance should 
not be placed on its factual accuracy. 

L. T. C. BOLT 

15 volume encyclopaedia 

McGraw-HHI Eacydopedia of Science and 

TechnoloKy. 

McGraw-Hill, 15 volumes. £67 16s. 6d. 

THIS 15 volume encyclopaedia contains 
over 9.000 pages. 9.300 illustrations and 
7.200 articles on all aspects of the life 
sciences, physical sciences. Earth sciences 
and engineering. It was compiled primarily 
in America, with a distinguished editorial 
advisory board, but its contributors are 
drawn from a wide variety of nations. To 
review its contents would require a panel 
of reviewers almost as large as the panel 
of contributors; but it may be said that 
the work is well laid out in the American 
style of typography, with some attractive 
colour photographs, good line drawings 
and not very well reproduced black and 
white photographs. It would be surprising 
if those who can afford the set do not find 
it very usefid. 

T.R. 
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CONTRIBUTORS 



Alexander Duncan Baxter {Tuwaids i;'""/ ■'>i>(Ut' vchldis) was 
educated at Liverpool Institute High School and at Liverpool 
University, where he graduated in mechanical engineering. 
After gaining experience in various engineering organizations 
he joined the Royal Aircraft Establishment in 1935, becoming 
superintendent of the Rocket Propulsion [Department in 1947. 
He was then appointed Professor of Aircraft Propulsion at 
the Coll^ of Aeronautics. Cranfield. In 1957 he joined the 
de HaviUand Engine Company as chief executive of the 
Rocket Division and Nuclear Power Group, beoomins a dircc> 
tor of the company a year later. He is married and has a son 
and two daughters. His leisure pursuits are fell-walking in the 
Lake District and cin^-photography. (/>(;i,'i'v 19-21) 

Bertram Vivian Bowden (Britain's Inu k^vanliw.ss in lii'Jur 
education) was educated at Chesterfield Grammar School and 
Einmanuel College. Cambridge, where he worked under 
Rutherford. He was then a physics master until the second 
Woild War, when he was employed on radar research in 
Britain and later in the United States. After the war he spent 
three years with Sir Robert Watson ft Partners, and three 
with Ferranti Ltd. on digital computers, before becoming 
Principal of Manchester College of Technology in 1953. He is 
the author of Faster than Thotitiht. (pw^cs 22-25) 

Christopher Joha DwicaB {The search for a chemical "scare- 
crow") was educated at Trinity School ot John Whitgift. Croy- 
don, and Queen Mary College, University of London. In 1958. 
after two years as a Civil Service Research Fellow at the Phy- 
siological Laboratoiy, Cambridge, he was appointed to his 
present post of Lecturer in Zoology at Liverpool Uni\crsity. 
where he also works on the sense of taste in birds and on 
molluscan physiology. He is married, with one son, and is a 
keen yachtsman. lini-^cs 26. 27) 

Geoi^ Frederick Humphrey {Ttie untmown Indian Ocean: 
an international survey) was educated at Sydney University and 
at the University of Cambridge, where he gained his PhD de- 
gree. In 1956 he was appointed chief of the Division of 
Fisheries and Oceanography at the Marine Laboratory of the 
Commonwealth Scientific and Industrial Research Organiza- 
tion, Cronulla, NSW. He is also President of the Special Com- 
mittee on Occanographic Research of the International Coun- 
cil of Scientific Unions. Dr. Humphrey is married and has a 
daughter. His main leisure interest is music. (pw^cs 36- .^8) 

George Aattonjr H&Smam (What can we do with whiskers?) 
was educated at Harvard University and was a lecturer at the 
University of California, Los Angeles, from 1951 to 1959. 
During this time, in 1954. he was appointed engineer with the 
RAND Corporation, a post he holds at present. Last year he 
was also appointed Director of the Consumers' Union of 
America. His work is concerned with the materials and struc- 
tures of night vehicles, the engineering aspects of urh.ni iiaiis- 
portation and consumer goods evaluation. He is a member of 
the .American Rocket Society and of the Institute oi .Aerospace 
Sciences. (pii-jrs 40-42) 

Stewart Duke-Elder (Touch and M'f;ht in tin- pcnrption of 
space), Surgeon-Oculist to the Queen since 1932 and formerly 
to King George VI, has held many consultant and advisory 
uppointments as an ophthalmic surgeon in addition to his 
work at St. George's Hospital. London, and as Director of 
Research at the Institute of Ophthalmology, University of 
London. His many books include Texi-hmk of Ophihahnoloay, 



the seven volumes of which appeared in ihe course of 22 y ears. 
Diseases of the Eye and Century of International Oplitltal-. 
molosy- He was knighted in 1933. (page 46) 

Thomas Hay O'Beirne {PiczU s and piiituloxcs) has been since 
1949 Chief Matheni.nieian with Barr & Stroud Ltd.. of 
Glasgow, who are precision optical, mechanical, eleclrieal and 
electronic engineers. He was born in 1^15 and educated al Hill- 
head High School, Cihisgow. and at Glasgow University, and 
studied Latin and Greek before changing to maihemalics and 
phvsies for his degree. During the war years he served in 
the Royal Naval Scientilic Service, principally at the Ad- 
miralty Compass Observatory, Slough. He was scientilic 
adviser to the Ordnance Survey of Great Britain from 1947 
lo 1949. He is a member of the Council of the British Com- 
puter Society and vice-chairman of its Scottish branch; lias 
been a Fellow of the institute (tf Physics since 1948 and was 
honorary secretary of its Scottidi branch 1953-56; and is a 
Fellow of the Institute of Navi^tion. In s^te of his name. 
Mr. O'Beirne is a Scot, and his wife is, like himself, a graduate 
of Glasgow University. They have two daughters. He reads 
light verse, plays and detective fiction, and can sometimes be 
induced to work in his own garden, when not inventing 
pu/zlc- ^ 1/ V 4^^, 4'')") 
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Puzzles and paradoxes 



by T. H. O'Beirne 



1 : "Laetitiae causa 



AT the start of a new weekly series, it seems only fair to give 
.prospective readers some idea of what type of material 
they may expect to find regularly in it. The first article is a 
natural place to look for an indication of the author's philo- 
sophy, policy, idiosyncrasies or just plain prejudices. Here this 
has the further advantage of employing the space which in 
later articles will make reference back to the discussion or 
problem of the previous week. 

To begin with our main title : a puzzle will mean any problem 
whose method of solution is not (we will hope) immediate or 
obvious; and a paradox will mean something whose truth and 
explanation can be established only in the face of some initial 
sales resistance. Interpreting these terms liberally, we hope to 
range over the whole field of what are sometimes known as 
mathematical recreations. 

Many readers will already know what this implies. Others 
may welcome the assurance that we shall think we have failed 
if they cannot find this attractive and comprehensible on a 
basis of something like higher school mathematics. (We may 
permit an occasional aside intended for the expert, provided 
that others can skip this without undue sense of loss.) 

Those who feel seriously interested in this series are advised 
to keep earlier articles for possible reference later. We shall 
try to vary the types of problem from week to week, and when 
we return to a given type, we may well wish to make reference 
to the discussion of an earlier problem. 

Squared paper will often be a convenient aid, and wc shall 
assume that readers will have it available. We may at times 
want figures drawn and cut out from cardboard or paper, pos- 
sibly to be coloured, and counters or pieces may be wanted 
for games or other problems. More rarely we might describe 
something three-dimensional needing some form of handicraft 
work for its full enjoyment. 

We hope to have prize competitions from time to time, where 
added credit will be awarded for brevity, completeness and 
elegance of the solutions. 

We are not attracted to puzzles whose only interest lies in 
the arbitrary multiplication of complications. (In this last sen- 
tence the operative words are "only" and "arbitrary".) These 
we consider lacking in an essential element — charm, elegance, 
beauty, aesthetic appeal — in regard to which we hope to find 
common ground with our readers. Correspondence is invited, 
and suggestions will be welcome. 

To some, we are aware, the idea that recreations can be 
mathematical — or mathematics a recreation — may itself be the 
supreme puzzle or paradox (though perhaps there will be fewer 




of these readers here than might be elsewhere). We hope to 
convert even some of these. Quite a few recreations are "mathe- 
matical" by courtesy only— the real need may only be for 
careful logical reasoning of the type which can form part of the 
attraction of a good detective novel. 

Our primary purpose will indeed be recreation or diversion 
— and we will hope to give something that all can read, hoping 
that many will go on to occupy an idle hour (or several) on 
some of the problems we shall set. 

Not everyone, we know, finds mathematics an immediately 
attractive subject of interest. Some will admit that it may be 
important, and perhaps engrossing, to those who apply it in 
science, industry, commerce or finance. Many will assert that 
they themselves are "hopeless" at mathematics. 

This seems doubly wrong, and more than a pity. The truth 
is that the true mathematician pursues beauty as much as — or 
more than— utility. It may be an austere form of beauty, like 
the clear, hard appeal of a diamond, but it is there. As with 
many forms of beauty, those who appreciate it have a strong 
urge to bring others to share their experience, in what measure 
they can. 

This may be easier than many think, and recreational material 
may be the thin end of the necessary wedge. We feel that many 
people are non-mathematical only for lack of suitable bait at 
the appropriate time — school, or later. 

We think how often we have heard the complaint ". . . so 
then he showed us the solution and we could see it was right, 
but what we couldn't see was how anyone could ever be 
expected to think of it". This is common with geometrical 
deductions when the proof begins with drawing an additional 
line in the figure. 

Our attitude is that in these cases there is a reason, and one 
which can — and should— be explained. Failing this the only 
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education is sclf-cciucation possible, bin unnecessarily labor- 
ious: and perhaps not possible unaided for some who eould 
nevertheless be taught. 

There is, we believe, a science of "iieuristics" the science of 
finding out. It is rarely taught explicitly as such, but successful 
inventors and problem solvers, at all levels, must acquire it, 
consciously or otherwise. 

Believing this, we promise to do what we can lo indicate not 
merely the solutions to our problems, but as far as possible the 
way in which these solutions naturally present Ihemsehes. We 
would sooner have our readers say, "Of course I Wh> didn't 
I think of that for mjself!" than "If this is what you've got 
to do, it's obviously far beyond me ! " 

Many problems of quite surprising apparent dithcult\ can 
be solved by the simple method of saj ing, "Can I go forward 
at all from what I already know?" In some cases this has to be 
supplemented by, "If I had got the problem solved, what else 
would this imply?" Sometimes one of these lines carries straight 
across the gap between the known and the unkno vn. Some- 
times the two meet to form a bridge in the middle. 

We can promise a fair volume of original material, but we 
shall frequently consider celebrated problems already treated 
elsewhere. These may be new to some readers, and we ma> find 
something new to say of some of them. 

For our first problem we lake one which is about 1200 
years old, and state it in the words of Charles Hutton. LL.D. 
FRS, Professor of Mathematics in the Royal Military .Academ\ . 
Woolwich, who in 180.^ included it in the first of his four 



volumes of Recreations in Mnilh-nuitics and Natimil Philo- 
sophy: 

Three jealous luishands with tiuir wives having; to cross a 
river at a ferry, jiiui a boat without a hoalnuin; but the lioat 
is so small that it can contain no more than two of iheni at 
once. How can these six persons cross the river so that none 
of the women shall be left in company with any of the men, 
unless when her husband is present '.' 

This is translated from the Prohlemes plaisanis el delectables 
of C.-G. Bachet, Sieur de Meziriac, first publi-shed at Lyons in 
1612. (This work had a new- edition only last year.) 

The problem is most probablv the work of one or other of 
two celebrated Englishmen. It appears early in the ninth century 
AD, attributed (probably spuriously) to the Venerable Bede. It 
is included with more plausibility in the H'orks of Alcuin the 
Northumbrian, whose Letter LXXXV to his pupil, the Emperor 
Charlemagne, accompanied "some examples of subtlet> in 
.Arithmetic, for your cnjo\mcnl". "Laeliliae causa" arc the 
exact wi>rds which we have translated as "for your cnjoNniciu" 
- an excellent motto to begin our series. 

It is fair and perhaps enough to remark that in its original 
form our problem reflected the ilangers and crudities of con- 
temporary behaviour in a wa> wiiich Bachet evidently thought 
unsuitable for the polite society of I7lh century France. 

This problem seems appropriate in more sen.ses than one 
after i>ur remarks about spanning gaps between the known and 
the unknown. 1 hose who soKc it should be able lo pro\e that 
four or more couples cannot impose similar restrictions and 
still cross the river. 
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LETTERS 



Radio source galaxies 

Sir,— The suggestion made in a recent 
letter from L. S. Hariey {"CoUision" in 
Cygnus, 22 December^ that peculiar 
galaxies emitting an abnormal amoimt of 
radio radiation may arise not from the 
collision of two galaxies but from the 
fission of one, is one of topical interest : the 
idea has attracted some attention in the 
last year or two. In particular it has been 
advocated strongly by Professor Ambartsu- 
mian of the Burakan Observatory, 
Armenia, who summarized his views in a 
paper communicated to the eleventh Sol- 
vay Conference (on the structure and evolu- 
tion of the Universe, Brussels 1958). and 
also in his more recent George Darwin 
lecture to the Royal Astronomical .Society. 
The reasons for holding this view (which 
is by no means generally accepted) are 
however certainly not those proposed by 
your correspondent. 

Our understanding of the nature of the 
radio source galaxies is very limited at 
present. We do not understand in detail 
the mechanism by which the radio radiation 
is produced in a given object; among the 
surprising diversity of objects that are 
sources there are possibly three or four 
recognizably different classes of galaxy; 
and if radio emission is a stage in the 
evolution of a galaxy or pair of galaxies 
we do not know enough about the evolu- 
tion of galaxies to say what stage it might 
be. About 30 per cent of the accurately 
measured and suitably placed radio sources 
can be identified with visible galaxies, and 
of these a significantly large fraction seem 
to consist of two or more otherwise normal 

looking cllipticul g,ilaxies (spheroidal 

aggregations of stars lacking interstellar 
dust and young highly-luminous stars) 
close together m space. Ambartsumian 
argues that such galaxies are too numerous 
to be chance collisions, and must rather 
have a common origin. 

The galaxy illustrating Mr. Hariey's 
letter is not the Cygnus-A galaxy, but ttie 
much nearer galaxy NGCSI28 that is the 
intense radio source in Centaurus, and 
neither of these two unusual galaxies be- 
longs to the class just described. It seems 
certain that the dark rift in NGC.^IZS is 
obscuration caused by interstellar dust 
analagoiis to that in a norni:il spu":il 
galaxy, though its unusual association with 
an elliptical galaxy and the curious sym- 
metry reiTiarked by Mr. Hariey have 
caused speculation that the obscuring 
matter is of different origin. .Since the light 
of the two "halves" of the galaxy comes 
neither from a disrupted single solid body, 
nor from intmtellar gas. but from stars, 
the difflcntty in the hypothesis (and to 
some degree in Ambartsumian's) is to pro- 
pose a mechanism by which the stars could 
be sorted out into two separate star 




systems both consisting apparently of old 
stars. 

It should be mentioned also that the 
radiation from this galaxy, and all other 
radio source galaxies, is not 21 cm line 
emission, which arises from neutral atoms 
of interstellar hydrogen, but non-thermal 
continuous radiation whose intensity in- 
creases with wavelength through the ob- 
servable range from a few centimetres to a 
few metres. 

n. W. DEWHUST. 

The Observatories, 
Cambridge. 



Insecticides inside cattle 

Sir, — With reference to your item "Insec- 
ticides inside cattle" (Trends and Dis- 
coveries, 8 December), the animal systeinics 
ronnel (Trolene, Etrolene. etc.) and Co- 
Ral have been in commercial use for some 
time in the United States and elsewhere. 
In the United Kingdom they have been 
used on a commercial basis for about a 
year. 

Indeed, it has recently been proposed 
that they could be used to eradicate the 
warble fly from this country provided that 
all livertock owners could be persuaded to 
use them. In addition they have been 
snfBciently used to have been given a BSI 
Recommoided Common Name; thus Co- 
Ral is named coumaphos and Etrolene 
termed fenchlorphos. 

A. K. PALMER. 

36 Clarges Street. 
London, wl. 

Plant growth 

Sir. C an any of your readers enlighten 
me as to why, if a pure strain tall plant 
is crossed with a pum short ^nt, the 
resulting hybrids will all be tall, as tall 
is dommant over short? If the hybrid 
plants are self-fertilized the result will then 
be three-quarters dominant or tall plants, 
and one-quarter short, or recessive plants, 
but there will be no plants of an inter- 
mediate size? 

Z. C MACDONEU. (MRS.X 

33 Belmont Rise, Cheam. 
Sutton, Surrey. 



Bykov*s treatise 

Sir, — In Notes and Comments (15 De- 
cember, page 1,572) you state that Bykov's 
treatise on Internal Conditioning has not 
been published in Britain or the USA. 

I presume the treatise in question is the 
following : 

Bykov, K. M. : Cerebral Cortex and the 
Internal Organs (edited and translated by 
W. H. Gantt). published in 1957 by the 
Chemical Publishing Company of New 
Yoric 

K. R. L. HALL. 

Department ot Psychology, 

University of Bristol. 

Cold-blooded operations 

Sir. — Is the technique reported in Trends 
and Discoveries (21 December) of pro- 
ducing low temperature in patients for brain 
and head surgery without "immersing the 
patient in an icy-cold bath" so very new? 
It is a number of years since Delorme in 
Edinburgh and Ross at Guy's Hospital de- 
scribed methods of leading the blood from 
the great veins into an external cooler and 
pumping the cooled blood into the great 
arteries, so that- the head was by-passed 
(see for example Ross DN, 1954, Lancet I 
1 108). Work is also being done at Hammer- 
smith, Westminster and Great Ormonde 
Street Hospitals on this method of cooling. 

Another way of avoiding the "icy-cold 
bath" was also described in 1954; this is 
internal cooling by circulating cold water 
through an intra-gastric bag, a method 
which has been greatly improved by in- 
genious machines (e.g. Khdil HH, 1958, 
Lancet I. 1042). 

RONALD MACKErm. 

35 Bloomfield Terrace, 
London, SWl. 



Dual pedal driving 

sir, Mr. Saunders*s two-pedal system 
{Letters. 29 September) interested me, so I 
tried it on my car. By fitting a hinged plate 
to the brake pedal the drawbacks mentioned 
by Mr. .Saunders have been eliminated, 
whilst improved stopping has been retained. 

I. DAVKS. 

Epsom, Surrey. 
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The JLoch Ness Monster 

Sir, — We cannot allow Dr. Burton's letter 
(8 December) to pass without comment. 
Remarkable as it may seem. Dr. Burton 
appears to have completely misunderstood 
the thesis of our letter published on 24 
November. 

The crucial question in any discussion of 
gas-tilled vegetation as an explanation of the 
Loch Ness Monster is to decide whether or 
not it ean exphiin the rapid directional sur- 
face movement frequently associated with 
sightings of the Monster. 

If it is assumed that gas is the raft's sole 
propulsive agent, it follows that the larger 
the gaseous cargo the farther the raft will 
move. The absolute quantity of gas required 
to lift the raft «ill depend on the depth at 
which it forms: the greater the depth, the 
higher the pressure and hence more gas 
must be produced to occupy any given 
volume. As the raft approaches the surface, 
the gas will expand, and for a given object 
the final volume of gas, and hence potential 
for surface movement, will be proportional 
to the depth at which the raft formed. In 
practice, this will only be approximately 
true owing to the loss of gas as the object 
rises to the surface, but it is conceivable that 
throughout the upward journey all the gas 
is held compressed within the rait, expan- 
sion occurring solely at the surface. These 
conditions arc ideal and should give the 
maximum surface movement possible. The 
points to note are that this movement uill 
be greater the deeper the r.ift formed and 
that for Loch Ness, whose ma.xinium depth 
is. 700 feet, the calculated movement is at 
teat two orders of magnitude dilferent from 
the observed phenomena. 

When looked at logically. Dr. Burton's 
arguments about **shdf*. etc, daimed by 
him to invalidate our theoretical disciBsion, 
tend more to refute the "raft hypothesis" 
rather than vindicate it. If Dr. Burton had 
UM us that parts of Loch Ness were greatly 
in excess of 700 feet we might have been 
temporarily impressed, but to claim that 
much of Loch Ness is "shelf — which, in- 
cidentally, is not supported by our own 
echo-sounding data — and to claim that this 
immediately invalidates our arguments is 
astonishing. 

Equall> astonishing is the explanation 
given b\ Dr. Burton to account for the 
dilTerence in behaviour between his small 
models and ours. He state-.; "I used a 
natural gas." Is not carbon dioxide a natural 
gas? Admittedly the gas presumably in- 
volved in bringing objects up from great 
depths is methane; but in any discussion of 
algal sheets carbon dioxide is very relevant. 
A more likely explanation of the observed 
differences between Dr. Burton's and our 
models is that Dr. Burton provided his 
models with a continuous supply of gas, 

whereas \\c did no(. If tliis \va*s tlic case. 
Dr. Burton's modcU were not ^IrielK analo- 
gous to the problem under consideration 
and so lose much of their value. 

In conclusion, we submit that Dr. Burton 
has failed to produce an\ evidence against 
our theoretical arguments, and until such 
evidence is forthcoming we can but reiter- 
ate our previous views — namely that the 



gas-filled vegetation hypothesis is incapable 
^ explaining all the observed phenomena 
associated with sightings of the Loch Ness 
Monster. 

PETER F. BAKER. 
.MARK WESTWOOD. 

Emmanuel College, 
Cambridge. 

Sir, — Most of the facts and figures quoted 
in Dr. Burton's reply to Peter Baker seem 
to me to have no bearing on the contro- 
versy. 

Anything on Loch Ness, whether vege- 
table-mat, monster or just mere ghost, is 
most likely to be seen near a river mouth 
because that is w here the houses are and the 
people to see it. Mats or monsters within 
2-300 yards of the shore can, presumably, 
be described and their position estimated 
with iriore certainty than objects farther 
away. 

Dr. Burton's estimate that there is an even 
scatter of sightings o\er all the hours of 
daylight has impliealions. however. I rom 
this it is a fair deduction that mats, mon- 
sters, etc., have a special liking for the 
earliest hours of the day. as. for most of the 
year, there is practically no one about on 
the loch side at dawn or for some hours 
afterwards. 

Somehow experiments with tanks, 
"natural" gas and locustrine deposits con- 
jure up for me a work) of make-believe. 
One wonders whether Dr. Burton is no( 
trailing the tail of his coat But then, ot 
course, I am prejudiced. Having lived near 
the loch for almost a quarter ct a century, 
I know that strange animals have their 
homes in l.och Ness, and that no angler, 
ghillie or other local resident has seen a 
vegetable-mat lloaiing on the surface— an 
occasional branch or tree trunk, yes, but 
a gas-tilled mat, never. 

CONSTANCE WHYTE 

North End, 
Ditchling, Sussex. 



Inferior man and superman 

Sir,— Taking a detached viewpoint of 
present observable tendencies. I suggest thai 
ihe ultimate purpose behind Ihe production 
of mutation forming radiation, provided 
that it does not become so concentrated 
that life becomes extinct, is that of an agent 
for the acceleration at the evolutionary pro- 
cess. 

The increasing number of mutations 
caused by radiation would not necessarily 
all be of a negative nature. It would be 

reasonable to assume that half the varia- 
tions on man as he is at present would re- 
sult in an inferior being and half in various 
improvements. This process could result in 

ilie spliiiing up of ilie species hilo two sub- 
speeies. one a harmless inferior type, and 
the other a kind of superman. The menlalK 
superior would dominate and would, we 
hope, be blessed with the power to control 
himself and his evolutionary methods. 

JOSEPH R. PENDLL. 

21 Lome Road. 
Wealdstone, Middlesex. 
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Rhubarb! 

Rhubarb! 
Rhubarb! 

HAVR YOU e\-er realised just how much 
people categorise you by your garden? 
They may ha\«- no idea whether you are an 
introvert or an extra vert, but they soon notice 
when you stop running your garden, and start 
running away. 




And honest spadework is by no means 
ei'.ough, if you wish to present a good fiue 
<or garden) to the world. Planting the wrong 
thing is worse than planting nothing at all. 

Every plant, however attractive when 
yeung, can bring disgrace. It may grow up to 
be a weed. Or, far more humiliating, it may 
tum out to be the wrong sort of rhubarb. 
Consider the following passage by Lawrence 
D. Hills in his regular gardening feature 
Down to Earth in The Observer: 

'Early Albert is easy and true from - 
f«cd, so more plants raised cheaply 
in this way will provide alternate 
rows tiiat can be rested after forcing. 
Real enthusiasts will prefer Olaskfai's 
Perpetual.' 

The rhubarb in my garden is always resting, 
and I'm quite sure It isn't Glaskin's Perpetual. 

But this is the encouraging thhig about the 
Down to Earth column. Ifimself a Glaskin's 
Perpetual man, Mr. Hills has a great deal of 
patience with the reluctant gardener.Ueis full 
of gtxMl ideas about what to plant, and when, 
and how. He makes sure you get this advice in 
plenty of time. And somdiow he manages to 
keep jargon out of these hdpfultedmicaUties. 

The Observer ghes you a sort of deienoe in 
depth against the traps of gardening. Victoria 
Sackviile-West writes loN-ingly of flowers in 
her column. She identities doaely with them, 
is very much alive to their beauty, and yet she 
too is thoroughly down to earth. She knows 
the dangers of slugs and snails, frosts and 
giilcM. She too sings the praises (A bone meal, 
dried blood and muck. 

Like Mr. Hills, she has the happy knack of 
being able to write interestingly about her 
enthusiasm. 

And there's one other good thing about 
these columns. While you're reading them, 
yiHiare—iicanbeargued— actually gardening. 
So if your conscience (or somebody) suggests 
that you ought to be out there doing some- 
thing, here is a very good reason for putting 
off the evil moment, possibly for e\«r. J.BX> 
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CLASSIFIED ADVERTISEMENTS 

The rate for classified advertiaeaieati ii Ts. m line (or space equhralent of a line), with an extra 
charge of Is. for the use of a Box Ntunber. Late classified advertisements can be accepted up to 
first post Monday for indosion in the same weel^'s issue. 

REPLIES to BOX NUMBERS should be add^e^^eJ lo the Box Number given, c 'o THE .>E« 
SCIENTIST. Cnawdl Houe. Falwaod Place, iUik HsUHira, LoBdoa, W.C.I. Tel.: HOLhom 7SS4. 

Ordm for clnOM mtnrti—mtmti mt mmpud tubltct to tin Urmi and coadlHom thown ait tht 
adw tlmmml rate card, a eopy of tMt k W0 bt mU on ntnuH. 



OiTICIAL APPOINTMENTS 

7%. per line— Box Number It. exita. 



CHEMIST required at Warren Spring Laboratory 
(D.S I.R ), Stevenage. Hern., as SCIENTIFIC 
OFFICER or SENIOR SCIENTIFIC OFFICER, for 
work on chetnic.il rm-lhods for cxlraclion ol metaN 
from ores, invoivin.: h.^th fun J jmcntal s!udie> and 
problems ariving 1ti';i' .ippiicd work on spcw;Iic ores, 
eg. u^c of complesint: .ii:cnts for liquid/liquid ex- 
traction of iiicijls and studies oi diloridismy and 
chlorinalinL; reaclKUl nicciljnisnis. Cjndidj'.es silould 
have a preference for fundamental research. Quals: 
1st or 2nd Class Hons, degree in Chemistry. Some 
experience with chemistry of metal/organic com* 
pounds desirable. Age at least 26 for S.S.O. and at 
Init J years' post-grad, experimee raguiitd. 
S)il«i7:-S.O. t690tri.r44. S.S.O. £I,2S£&.S«. 
Ponn from Ministry of Labour, Technical and 
Sdemile Kiubter (Ki. 26. King Street. London. 
S.W.I, qooling ret. F 90.S 'OA. 

EXPERIMENTAL OFFICERS: MINISTRY OF 
POWER. 2 pensionable posts at Saiety in Mines 
Research Establishment, Shefiield. for men or women 
at least 26 and normally under 31 on 31.12.61. 
One post is concerned with the Ignition of inflam- 
mable law by eleetrie ipuking and bnolvct epo- 
struction, testing, and use of dectraniea appintiu 
for the investigation of electrical discharges and the 
names initiated by them, lite other is concerned wHh 
ifie design, construction, installation, and calibration 
of a wide variety of electronic measuring apparatus. 
Qualifications: H.N.C. or equivalent, in applied 
physics or electrical engineering, and at least S years' 
experience in the design, construction, and testing 
of equipment in one or more of the following 
fields: electronic pulse circuits, servomechanisms, 
small mechanisms, electronic computers, audio-fre- 
quency equipment. Knowledge and experience of use 
of transistors desirable hut not essential. Salary 
scale £1.045-£1,285. Promotion prospects. Write 
CIVIL SERVICE COMMISSION. 17 North Audley 
Street. London, W.I. for application form, quoting 
S/>4->5/<l/SMRE. Early Application advised. 

UNIVERSITY OF NEW ENGLA^^D 

Armidalc, New South Wales 

L.^BORATORY TECHNICIANS 

Appli.-iitidn'; are inMtcJ for two positions of 
Laboratory Technician in the Faculty of Rural 
Science: 

DEPARTMENT OF PHYSIOLOGY 

Experience of labomiorv proocdum in 
haematotogv is desirable but MM ■■■cniiri. 

The main research intemt of the department 

i^ the physiolouy of er>'throcytcs. The suc- 
^"c^^;lli -ipplij.in: \\\\\ have a re^pl^n^illle p<">si- 
t:iMi ill the iLMrn 
DEPARTMFNT OF I IVFSTOCK HUSBANDRY. 
1 he lev^^hiiijun uill he primarily rcsponsihle 
Inr ihc- Je^^.•i•lpIIK■Ir anj fiinctioninff of a 
llt-fjf rn^-j^;iri.-nirn; !.ih-->r,itorv under the? 
yuiJjn.t: uf Dr. M L, R>Jer. bu: '.\\\\ he 
expected to assist wi:h class preparations and 
research into wool growih, involving histo> 
logical tacbniqoct. Experknca io this field ii 
detiraUe btu not esscniial. 

The coimnenciiqi wage will be fixed according to 
qaaliflcaciom and experience up to CA26.5.9. per 
week (males) and £A22.8.10 (females) subject to 
future variations in tbe bnaae wage. Foor weeks animal 
leave. Fares will be paid and removal expenses up to 
£A200. Laboratory technicians may enrol for a part 
lime B Sc Je^rfuv 

Application- from wiihin Au>tralia and New Zealand 
should be forwarded \o reach the Registrar. UNIVER- 
SITY OF NF.W ENC.LAND. Armidale. N.S.W.. 
Australia, not later than Iflih FEBRUARY. 1961: 
applicants ou'.-.iJe .Australia and New Zealand should 
foruarJ their applications lo the Secretary, ASSOCIA- 
TION OI li MVhRSI I IFS OF THE BRITISH 
COMMONVVLALTH. 36 Ciordon -Square. London. 
W.C.I, hv the same date. In the case of these can- 
didates an additional copy :ihoutd be forwarded to the 
Refiisirar. b,- air mail if necessary. Applications should 
give full |>articulars of qualifications and experience, 
together with the names of two referees. 



THE UNIVERSITY OF LEEDS 
Department of Mathematics 

Applivjtioni are Invited for appoinmifn: as LEC- 
TURER or ASSISTANT LECIIIRKR In Pure 
Mathematics at a salary on the icale £1.050 x £50- 
£1.401) X £7.S-£I.S.S0 (fllicicn;:/ bar at £l..'i.''0) a year 
for a Lecturer, or within the range £liOO-£y50 a 
year for an Assistant Lecturer, accordini; lo age. 
qualifications and experience. Applications (three 
copies) stating date of birth, qualifications and ex- 
perience, together with the names of three referees, 
shouM retell the Rcgklnr, The University, Leeds. 2 
(fram vhoa totkcr puticalui oay be obuined) 
not liter than Tita Febrairr, 1961; candidates overseas 
may apply in the first instance by cable, nimins 
three referees, preferably in the United Kingdom. 



UNIVERSITY OF SYDNEY 

CHAIR OF METALLURGY 

Applications are invited for a recently established 
Chair of Metallurgy within the Faculty of Engineering. 
The successful applicant will be responsible for the 
leaching of. and rc-carch in, MetaHuryy and Metallur- 
gical Enyinccrini; 

Salar\ will he at the rate ot £A4.250 per annum, 
plus cn>: ol liviny adjustments There is retirement 
pr(ni>iim under either the Sydney University Profes- 
sorial Superannuation Scheme or the New South Wales 
Stale Superannuation Scheme. 

Under the Staff Members' Housing Scheme, in ca.ses 
approved by the University and its Bankers, married 
'"ts "Hl>' ^ assisted by loans lo pocchMe a house. 

The Senate menres the rfi^ lb fill tbe Chair by 
inviutkm. 

A statement of Conditions of Appointment and 
Information for Candidates may he obtained from 
the Secretary. ASSOCIATION OF UNIVERSITIES 
OF THE BRITISH COMMONWEALTH. 36 Gordon 
Squjrc. London, W.C.I. 



Applications close, 
IStb MARCH. 1961. 



in Australia and London, on 



UNIVERSITY OF DURHAM 
SECOND CHAIR OF GEOLOGY 

APPLICATIOKS are invited for a Chair of Geology 
tenable in tbe Newcastle Divi>ion of the University. 
This is a newly establi.'thed post and will be the second 
Chair of CJeoloyy in the Department a; Newcastle. 
1 he successful candidate will be required to take up 
duty on the 1st August. 1961 or such other date 
as may be arranged Salary in accordance with the 
Professorial scale (£2.6O0-£3.(XIO a year) with family 
allowance and membership of F.S.S.U. Further par- 
ticulars may be obtained from -Uie underaigned witb 
whom applications (12 coplM) aiai tM lodied aqt 
later than llth Febnuuy, Iwl. (CmdUates ealiUe 
the British Ides majf submll OH* eopy only.) 

Resist tar; 
University OfGoe, 
46. North BiOcy. 
Dwinni. 



THE UNIVERSfTY of MANCHESTER 

Appli^.i;iuii> are in\ itcJ for tlie f^>II(ming posti in 
the Dcp.irtnicnt of Physic of the F.i.uliy of S.:ience. 

LECTURtR IN PHYSICS (r^pcrimentil) 
LFCTL RI R IN THrORFTIC \L PHVSfCS 
ASSISI ANT [>CTl kFRS IN Pin SICS 

The re-eLirih iritLTe-.ts of the Dcpariment include 
Nuclear and Hiyh-Enert:y Physics. Optics, Low Tem- 
perature and Molecular Physics. Duties to commence 
as soon as possible. Salary scales: Lecturer. £1.050 
to £1.850 per annum, initial salary according to quali- 
6cations and experience: Assistant Lectarcr £80D to 
£950 per annum. Membership of F.S.S.U. and 
Children's Allowance Scheme. Aimlications mast be 
sent not later than January 14th 1961 to the Registrar, 
the University, Manchester 13, from whom further 
particulars and forms of application may be obtained. 
Applications by airmail letter in the first instance will 
be received from overseas candidates, who should 
autette namHand addresses of at least three persoot 
to wfaon scicfMoc cifi be M >d c 



AUSTRALIA 

COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH 
ORGANIZATION 



RESEARCH CHEMIST 

The Orjjanizjtion's DiviNion of Soils, .AJclaiJc. invi'^-^ .l;'p!l.J^^•Il-i for the position nf Rt.-s.vir.^ 
Chfinist J', the Tasnunian Regional I.j'>or.i".or> . Hnfvir:, 1 a^i; ania, fnom Honnur^ lt.i Ji ;a' , 
m.TnriiiL: in Phy-.icj' or liiorf;:inic Cherni>tr> \^ith souic 'vars' post-gradVatC research expenen-? 'n 
s<i.; chi-.-nist ^^ , or :n yct'chLTnisir> or in stmic phase ot the chemistry of micro-nutrients Tn? 
laNtnanian I .)hor.i:,>r. j> cnyai;cd on the studv of the cobalt status of Tasmanian soils in relation 
in >oil tvpc. productivity and animal health. As a result of a grant from the Wool Industry Fund 
iliL pnn-rjmme on availability of cobalt in ditlcrcnt soils, fi.xation by soil-., losses by leaching and 
uptake b\ plants is to be intensified and the appointee is required to inituie. orj^anize and actively 
participate in this programme. He will have the assistance of a qualified chemist and technical 
auistani and good laboratory and glass house facilities arc available. 

The appointment wfll be lor an Initial period of three years. 

SALARY: dependent on qoalifications and experienee within the ranaec £Al^lO-2,265 p.i. or 

£A2,395-2,720 p.a. 

Safar, l,)r u irncn uill be £AI30 pa. less than corresponding rate^ for men 

Promotion within C' S I R O is by merit and may ultimately go beyond the upper limit of the 
scale within which the original appointment Is made. 

Fares paid and if appointment is not extended, return fares also paid- 
Further information on oonditioni etc. supplied on application to: 

Mr. E J. Drake. Chief ScfcntHte Uftlaon Officer, Australian Scientific Liaison Office. Africa 

H..u,e. kinL-s.vav, LONDON, W.C.2, 

to whom appticanon (qoottof Appointment No. 3T3/1> should be addressed by the llth 

FEBRUARY. 1961. 
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. UNIVERSITY OF READING 

ApfUcMkMs an inviMd for « pM of LECRfllER 
Im Um DeiMnment ot Educttioa; •ppUouiu ibould 
possess a degree in science, preferably in Chemistry, 
The appoinimeni will date trom September 30, 1961. 
Farther particulars may be obiained from the Reiiis- 
trar (Room 22, O.R.B.), The Univosiiy, Reading, by 
wlMBi ipplicauoiis mtttt b* leoeiwd not later linn 
Febrauy I. ISa. 

HEMISTS; MATHEMATICIANS (including 
STATISTICIANS), PHYSICISTS, MECHANICAL 
and ELECTRICAL ENUINEERS (men and women) 
required for RESEARCH and DEVELOPMENT 
ESTABLISHMENTS of WAR OFFICE al various 
locations including Feltham, Middx.; Scveiioaks, 
Kent; B>Oeei. Chertsey and Tolwonh, Surrey; Slioe- 
buryness, Essex; Christchurch and Farnborou^h, 
Hants.; Salisbury. Wilts.; Cornwall (Chcm. on!>). 
Anjjlesev l.Malhs.i. Appointments in grades <if (a) 
.SLNIOR StlFNTIFIC OFFICER (£l.;.'in.£l.5J(n or 
(b) SCII NI II IC Ol FICFR (1.6'Jil-i:l .144). Slartins! 
salary ac-ording to esp SuperLitiniialion under 
F.S.S.U . wi;h opponunilv for candidate.s under 31 
fo compete for establishment (pensionable) posts. 
1st or 2nd class honours decree or equiv. required, 
and for (a) niin. aye 27 and al least 3 years' psist- 
graduate research exp. Forms from Ministry of Labour. 
Technical and Scientific Register (K), 2A, King Street, 
London. S.W.I. Qtiote; a3s7/OA. 

JAMAICA COLLEGE OF ARTS, 
SCIENCE AND TECHNOLOGY. 
KINGSTON. 

Princiiul: H. Falkner. M.ScCWjiles), 
B.Sc.aond.). A.Inst.P. 

Aimlicaiions are invited for appointnieni a^ HEAD 
OF THE DEPARTMENT OF SCIENCE. 

Salary scale: £1.750 x 5O-£2.0OO. Entry point accord- 
ing to ^lUaliticalions and experience. 

Appointment may be either perm.incnt <'r on con- 
tract. Possible housing a^si>tance The (.■oilciie is a 
r.ipid;> developing one 

1-iirrher ■ntormaiion rii^t.Hnab[e from Cciuncil for 
(Jser^eai ( ollcyes. 12, Lincoln's Inn Fields. London. 
WC 2, ;o u honl jpplicalicns (t) copies) giving age. 
qualifications, experience and names of three referees 
ihould be sent by 31st JaniBiy, 1961. 



CITY AND COUNTY OF BRISTOL 

DEPART MLNT 01 PLHIIC IILALTH 

Applications invited for post of ST-Al Is! I< '1 AN 
and RECORnS OFFICER Silarv: Clr.ulc A I' I IV. 
£1.140 \ £5.^(2) ,\ £6(l(n-tl.!ll) p a. 

The petMin .ippointed ^viil be respnnMhle for l!ie 
co-ordinalion and supervision of all niedic.il records 
in the deparonent 

Apart from candidates who already have esperiencc 
in medical records, applications are invited trom "can- 
didates vwilhout direct experience cither in public 
health or medical records but who have a University 
Degree in Arts or Science. In this post, there ti^ill be 
ioope for initiative and research in the design and 
application of medical reeonta in the twhole neU of 
social medicine, as it is intended to review the whole 
system of medical records in the department. 

Post superannuabie. Medical examination. 

Applications by 31st January, on forms from 
Medical Officer of Health, Central Health Clinic. 
R.P.O. Box No. 201. Toarer Hill. Bristol 2 



UNIV ERSITY COLl EGE OF 
RHODESIA AND NVASALAND 

Applications are inited for: 

(1) TWO FELLOWSHIPS in ARTHROPOD PHY- 
SIOLOGY. Tenure 3 years. Appointment in scela 
A and B below. Candidates should have a good fint 
degree fai Zootogy. and for appointment to the 
hi^r scale, substantial research experience. 
G) THREE FELLOWSHIPS In SNAIL ECOLOGY, 
for 'w^rk on the ecology and physiology of the 
snail vctioTN of schiittosomiasi^. Appointments nor- 
mally in scale C Tenure 5 ycjrs, and miil-ierm 
for appoitUti.- nKo puid. 



Salary scal^<;: ( \) Jun ior Hescj nh l-dl. .1.V 1 7 CO T 
5O-£I.OO0 p.:i, ill) Kc^i-:irch l"i-Ilou U.Z'H) \ 5o. 
£1.400 p.j. (Ct St-ni.^r Ri-MMuh Fellou (ii tl..>0() 
X 50-£l.700 p. a. <ii) Ll,m) x 50-1:, (MX) p j. Super- 
annuation and medical aid st.henie> Rclurn p:is\;iye 
to SalKbury for appointee. llnuNiny jIk)waiKe of 
£100 p.a. if unfurnished Colletjc accummodaikm at 
15% of salary is not provided. Detailed appUcations 
(6 copies) naming 3 refeteca hf 30 Jamiaiy I9fl 
to Secreury. INTER-UNIVERSITY COUNCIL FOR 
HIGHER EDUCATION OVERSEAS. 29 Wobum 
Square. London. W.C.I, from whom further par- 
tlciilan may be obtained. 



AUSTRALIA 

■ THE UNIVERSITY OF 
NEW SOUTH WALES 

VACANCIES rOR STAFF IN 
SCHOOL Ol CHEMISTRY 

The S.hnnl ol Chcii-jstrj of The LniveiMtv of New 
Soinh svalc-* is iimlcr ihc hcadNhip ul iht- l*roU-s><or 
<it inori-jniu Chemi'siry (Protes-ior 1^ i' NUHtirj and 
t'onsists ot six depaniiu'ni*;. I hest* arc the iJcparlrncnL 
nf Organic Chemistry (Protcssor S. Any:,.!.!. Depart- 
ment ot Physical Cht-mi^iry (As>ojutc Protcssnr K. 
Bosworth), Department ot Inor-uriK- Chfiinsio (Or 
G. Barclay), Department of Analytical Chemistry (Dr. 
A. Biyion)^ Department of Nuclear and Radiation 
Chemistfy (Associate Pmfesior J. Green) and the 
Department of Food Science and Applied Ortianic 
Cbemistry (Dr. E. Cole). 

In addition to moM of the faciliiie-* found in a modern 
school of cbemi^iry, MaH have accc» to a lariic 
tiectronic digital computer (an English ■ Electric 
DEUCE machine, UTECOM). 

The following vacancies exiw: 

LECTURERS: (Applicants must possess a degree 
with honours nr equivalent qualificatioM. and 
some teaching experience is de«irable>. 

1. Two positions at S>dney. 

(a) ApplicaiiiN ior iHk pn-i'.iun mu>*t have experience 
and, 'or rcear^-h ■nicrests in physico-orttanic 
chemistry, p;ir;Mti.trl:- rt'Iatinj; lo the chemistrv 
ot foods ant-l :ht' Hi -..IjI properties ol hit;h 
polymers; 

(b) Applicants mu^; h.i\e fxperieiice and/or research 
inieresls in pln-icaJ Lhvinislry, paniCUtarly in 
mathemaiical chemi^irv . chvmical iMtrumenta- 
tation or applied vheniisiry. 

2. One position tenable at the Broken HiU Division 

(physical chemistr}). 

S. One position tenable at the WoUongong Division 

(organic or physical chemistry). 

TEACHINC; FIIIOWS (Applicants must possess a 

divrcf \w;h hiinniir- in v:hemistry). 
Ie.n.h;ni: Fellov",-, an ^:tL:|l'k• *.o register for a higher 
degrcLV 



must possess a 



DEMONSTRATORS; . \ppli 
dcyree). 

Subject to satisractor\ nudiijjl evaniinaiion, leclurers 
will be cliyihic lo join the superannuation scheme 
Teaching fellows and dcnuuisirators are .subject to 
annual reappointment (limit lor teaching fellows nor- 
mally three > ears' ^rvice). 

Salary ranges: 

Lecturer. £A1759u£A2464 p.9u 

Tcodiing Fellow & 

Demonttnitor: £AI I29-CA1349 p.a. 
Commencing salary according to qualifications and 

e-xperiencc. 

Ship fares to S>dnev paid. 

4 copies of applications, including the names of 2 
referees, should be lodt;ed with the Ayent General 
tor New Souih 5«. 57 Sir.ind. London, W,C.2, 

and a eop> lorAarJut :i» ;Iic Xppomjnients Section. 
The Unlsersiiy o| Ww S.mih Wales. Uox 1. Post 
Office. Kensinylon. SS.W.. h-. nirmaii to arrive 
before 10th Februarv. Mf.l, Applicants outside the 
U.K. and Eire nerd onlv submit one copy of iheir 
application to the London address. 



UNIVERSITY or AUCKLAND 

New Zealand 

SENIOR LECTURESHIP OR 
LECTURESHIP IN GEOGRAPHY 

The Council invlics applications for ihc above- 
mentioned post. Applicant*! should luivt- special 
qualifications teaching and research experience in 
ellker Boceograiilnr and cliauloloiy or Cultural 
(espcdallir economic) aeotiaiAr, 

The salary for a Senior Lcdunr b £1,130 per 
annum, risins to £2,000 per anmna, to mraal looe- 

mcnts. i»o of £(00 and one of £S0, and for a Lecliner 

il Isy £75 to f 1 .700 p«.r ;inniim. Commencing ulyry 

\vilhin the rcsrit'cli\c s^jlcs wiM be determined accord- 
ing lo qualitiv'^tions aiul LVpcricncc. 

Travel aiij u'hcr rrino\al expenses arc allowed 
v\ iihin ctria n iiniiis. 

Further particulars and information as to the 
method of aopltcation may be obtained from the 
Secretary. A.S.SOCIATION OF L'NIVFRSITIES OF 
THE BRITISH COMMONWEALTH. 36 Cordon 
Square, London. W.C.I. 

AppOauioiH clow, hi New Zcatand and London, on 
ITlk FEBRUARY, 1961. 



DC I D re.i.iii.s M MDR SCIIMIIK; Ol Fl- 
.1J,I.J\. ChR SCIFNTll IC fliUCFR lor 
t.undiny l_ihr.ir;. L'liit initMlly at London, N.W.I 
'siibsctniLnll: Yorkshire. P'^sl) to assi,t in develop- 
iTienl ol National Lendine 1 ibrary for -Science and 
Teehnoloyy, Opporuinrly to study iMeralure "f special 
subject. Quals. Isi *)r 2nd Class Hons, dCL-rec tn 
s.^encc or nchnMl, .i;;, . S.ikirv (Men) S O U.W-'ll .1 44. 
S S.O, lM:n, Li^e 26 jnd ;il IcisI 3 >ears' P-g.e.) 
Il.2*t0.il .^40. I ortr.s .tnj Uirther information trom 
Ministr> of l.aboiir. Technical and Scientific Register 
IK), 2(1, King Street. London, S.W.1, quoting 
A.258/OA. Ckwing data 30 January 1 961. 

CHARING CROSS HOSPITAL. 
W.C.2. 

RADIOTHERAPY WORKSHOP 

TECHNICIAN 
(Senior Grade) 

\pp;icjiioiu are invited from engineers with O.N.C, 
■ n Mechanical Fnyineerins or equivalent and at least 
tlirie vea-s' practical experience. The main dulv will 
he eorisirusiiny equipment trom sketches and verbal 
lastroeiions. Salary i7IO to 4:903 plus London Weight- 
ing. Annlicitiani. with name* ot two refeivn. lo 
Hiniie Governor. 



SKNIOR LKC IIKIRS ,-r IFCTLRERS in PHY- 
.SICS. MAIHLMATICS, THERMODYNAMICS 
teippred bv HO-i Al Mil ITARY COLLEGE OF 
s< ILNt h. MIRI\ t \HAM. Berks to lecture to 
I ondon .slernal de.Tej cinirses (and possibly 
^pel.iaI^sed ctiurscs) .md assist with laboratory classes, 
le.i.hin,; „ .It I Misei.iiy level. There are esunsiie 
.M r-et|uipped laboralones; research is encoio.i-ed 
all. I ssork uould he suitable lor publieaiion and 
.,;h-vsskin tor hi.i,'her dcyree. QLALS. First or 
-1. 'lid cla.s honours decree or equivalent, prefer- 
ably with teaching and.'or research experience. 
PHYSICIST expected to enjiace in research in 
nuclear, ndiation or solid state phssics. MATHE- 
MATICIAN shoidd have interest in applied mathc- 
mtiiics. THERMODYNAMICS posts (2) require 
suiiahle practical experience, selected candidates ex- 
pected to undertake or supervise research in thermo- 
dynamics or gas dynamics. SALARY RANOES: 
Senior Lecturer £1 .250-11 .140, Lectuier £69S<£1,144. 
Credit itiven lor post-graduate experience and National 
Serxicc in determining starting salary, SUPERAN- 
NUATION under F.S.S.U. Ciood prospects of per- 
Miancn.::.. ACCO.MMODATION: residential Officers' 
Mess bsr siniile men. houses for married men. 
PARTICULARS AND APPLICATION FORMS 
liom Ministry ol Labour. Technical and Scientific 
Register (K). 26, King Street. London. S.W.1, quot- 
in|! A. .1 56 OA. 

AGRIC UI Tt'RAL CHEMIST 
SIERRA LEONE 

Tr advise the Director of Agriculture on specific 
pinhlems and for InTestigational Mudiea In the field 
including the laying out of field traila and Ibeir 

statistical analysis and interpitetation. 

Candidates (male) must have a good honours degree 
in Agriculiural Chemistry with some postgraduate 
1 xpericiicc preferably jn the tropics. 

App.iintment is on contract/gratuity terms for two 
■,:rs of service in the first instance with emoluments 
•1 scale £l,039-£l,924 p.a. Gratuity 15% of agaregate 
eni.iiiiments. Free passages on .ippointment and leave 
lor isili^er. wife and up to three dependent children 
under eiyhlcell years of age. Children's ailms .iiices. 
Furnished acconimndation. .cenerjllv available, at 
nitiderate rental, (.fiu-niiis lL.i\e. 

Apply. slatiOK n.iiiie in lull and t;i\ing brief details 
of quaJihcations and experience to Director of Re- 
cruitment. Colonial OBice,' London, S.W.I, quoting 
BC-D «3;i5,'04.D4S. 



DC I p Road Research l.aboralnrv. Har- 
.hJ.l.rV. niondsworth. .Middlesex. requires 
Scientific Ofticers or Senior Scicntihc ORicers (I) 
(Physicist) to deselop methods of dciermininy the 
density, moisture content or bitumen content i>f 
road-making materials in situ by techniques involving 
the iihsorption or back-scattering of gamma radiation 
and neWnMt. Familiariiy with dactmiie apparatus 
employed in measuring Intemity of radiation an aiN 
vantage. (2) Civil Engineer or Physicist to study the 
ability of layers forming a road to spread the 
dynamic loads applied by the wheels of moving 
sehicli's The field sMsrk on this proiect invislvcs 

measurin.c the transient stresses and strains in various 
'orms oi road c<ms;rucli<in. Sufficient mathematical 
.ibiliiy lor anal-s;^ ot distribution of stress and strain 
in niult!.la>er elasii. structures an advantage, Quals; 
I St or 2nd C lass Hons, Degree in Phy sics. Civil 
Engineering or equiv, lor Senior Scientitic Officer 
at least ^ dears' po.t-craduate exnerience. Salary 
ranges: (Men) S O 17 ID-tl .205. S.S.6. 11 ..l.!(>-tl .640. 
Normal prospects of promotion in mid-thirties to 
P.S.O. (£I.700-U.37S). Forms from Ministry of 
Labour Technical and - Scientific Register (K). 26. 
King Street. London. S.W.1, quothig A S2T,'OA. 
CIniiing dale 24 J«iMi«r>- 1961. 
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THE UNIVERSITY OF LEEDS 
Department of Mathematics 

Applications are invited for ippoinlmMt u HLO- 
FESSOR OF MATHEMATICS (eidier Pnm or 
Applied) at ■ nian not lea tlun £2,700 t year. 
Tfie Chib ll tateoM for a mailienutician luving 
mcncb iolCfeMs ia one or more branches of matbe- 
oaatla rdated in a general or in a particular way 
<0 mne Beld of technology. Applicaiioos (sixteen 
copies) statins date of birth, qualifications and ex- 
perience, together with the names of three referees, 
^hoiiki re;ich the Reei^trar. The University, Leeds, 2 
(trt'iii utii>:ii turthcr particulars may be obtained) 
not later than Febnury 14lh, 1961. Applicanu from 
overseas may apply io the Artt instanre by eabia, 
naming three refefca, preferably io the Uoitea 
Kinijdum. 

DO I n RoaJ Research Laboratory. Harmonds- 
• O. I . I\ .worth. Middlesex, requires Scientific 
OlTicers or .Senior S Os, lor research: (1) PHYSICISTS 
on rheology of solid-liquij s> stems and of viscous and 
visco-elastic fluids to provide basic information for 
design of bituminous and csncrete road mi-xturcs. 
<Ref. A.52I/OA); (2) CHEMISTS on problems of 
aurface chemistry and other physico-chemical aspects 
^^t betaavioar of bitumiooua load materials; also on 
sMOblems aritinc from pitnooa of onnie oatKt ia 
aoDs. (Ref. F.837/OA>: (3) CIVIL and MECHANICAL 
ENGINEERS on (a) mechanical mixing and laying of 
bituminous road surfacing materials. (b> problems of 
design and construction of earthworks for roads (prac- 
tical experience of site work an advantage), (c) stabil- 
ised soil and cement-bound base materials. (Ref. 
E.473/OA), Varied and interesting work both in 
laboratory and field, providing contacts with other 
scientists and enyineers in U K. and abroad. Facilities 
fc>r i.tujlil>;ny for AMICE, for posts (?) above. 
Quals 1st or 2nd Class Hons detjrec or equiv. for 
S.S.O at least three vears' post-itraduate experience. 
Salary (mcnl SO. £7.:0-£l .205. .S^S.O, £1 .3.W-£I .ft40. 
Prospects of promotion in mid-thirties to P.S.O. 
il.70O-£2,37S. Forms from Ministry of Labour. Tech- 
nical and Scientific Register (K). 26, King Street. 
London. S.W.I (quote appropriate reference). Closint; 
<late 31 January IWI 

UNIVERSITY OF SYDNEY 

SENIOR LECTURESHIP AND 

LECTURESHIP/SENIOR 
LECTURESHIP IN PHYSICS 

Applications are invited for the above-mentioned 
posts. One appointee will work with Professor C. N. 
"Watson-Munro in the field of plasma physics in the 
Wills Thcrmi.iiiiJear Phvsics Department and Cht 
other apriurii.c >iill work with Dr. B. Y. Mills ia 

the Chattenon Astronfimy Deparment. 

The salary for a Seninr Lcjturcr is within the range 
£A2,SS0 X 95-C3.00O per annum, for a Lecturer within 
the range £A1.730 x 105-£2.43S per annum. In each 
case cost of living adjustments will be allowed. The 
salary is subject to deductions tmder the Sute Super- 
annuation Act. The commencing salary and grade of 
•ppointmeat will be fixed according to the qtialiHea- 
tKHis and experience of the successful applicam. 

Under the Staff Members' Housing Scheme in cases 
approved by the University and its Bankers, married 
snen may Iw assisted by loans to purchase a house. 

Further particulars and information as to the 
method of .iisplication mav be obtained from the 
Se-rei.irv. XSSOCIATION OF LNIVERSITIFS OF 
IHF KRlriSH CO.MMONWEALTH, 36 CiorJon 
Square. London. W.C.I. 

Applications close, in Australia and London, on 
3rd MARCH, 1961. 



RHODESIA AND NYASALAND 

The Federal Ministry of Education invites applica- 
tions from Science Graduates for teachiflg appoint- 
snents in European schools. Applicants shottld be men 
tinder 50 and single women under 45. 

lAtABV fCAU 

MEN: CM6.S.0 z £78.15.0^5 x £S2.tO.0-CIOSO a 

£10S-£I260 X £52.IO.O-£1732.IO.O. 
■WOMEN; £750.15.0 x £68 5 0-£SI9 x £42-£945 x 
£52.I0.0-£I470. 

One increment is allowed for each '.ear nf previous 
recognised experience up t.i .i ntaSL-r.y:-; .is 

Service is normal!', perm.iru-n: utij pen.:ijn.iHle. but 
a limited number of contract posts arc olfercd. carry- 
ing Special Responsibility .Mlowanees up 10 £130. In 
addition there are numerous posts of Special Responsl- 
bilily on permanent terms. 

Graduates without postgraduate training l>ot writh 
vtme successful experience will be considered and there 
is a scheme for training Graduates in the Department 
of Education of the University College of Rhodesia 
and Nyasaland in Salisbury. 



Far taitker 



W.CJ. 



(NS>, 



UNIVERSITY OF SYDNEY 

LECTURESaBOP AND SENIOR 
LECTURESHIP IN PURE 
MATHEMATICS 

Applications arc invited for the above-mentioned 
positions. 

Salary for a Lecturer h wiihin [he range £A1.730 x 
l05-£2,435 per annum: for .i Senior Lecturer within 
the range £A2.550 \ 95-13.000 per annum and will 
be subject to deductions under the State Super- 
annuation Act. In addition, in each case, cost of 
living adjustments will be paid. The commencing salary 
will be tixcd according to the qualifications and 
experience of the 5lucce^sful appliijani. 

Under the Staff Member^' Housing Scheme, in cases 
approved by the University and it& Bankers, married 
men may be assisted by loans to purchase a house. 

Further particulars and information as to the 
method of application should be obtained from the 
Secretary. ASSOCIATION OF UNIVERSITIES OF 
THE BRITISH COMMONWEALTH. 36 Gordon 
Square, London. W.C.I. 

Applications close, in Australia and London, on 
24th FEBRUARY* 1961. 



APPOINTMENTS AND SITUATIONS 

VACANT 

7j. per Onw—^tox Number ts, exim* 



TEXTILE 
RESEARCH 

A technologist is required bjr leading Com- 
pany in its own particular ficM to carry out 

research and development work on industrial 
textiles. Qualifications doited arc 

(a^ H.N.C. (weaving or spinnintt) 
(h> A T,l, or diploma or degree. 

plu-i practical experience of carding and/or 
spinninti. particularly of cotton or w(x>Iien 
waste. Interest in experimental work \s 
essential. 

High salary will be paid to candidate 
obtaining this position. 

Letter containing a brief outline of educa- 
tftm and eaner io date ahooU be addressed to 
BOX No. cm. NEW KiENrar. 



HER BRtTANNIC MAJESTY'S 

gyn. servicb commksiow 

and 

THE UNITED KINGDOM 
ATOMIC ENEKOY AVIHOiUTy 

will be holding joint 

Selection Boards 
ia 

SEVERAL CENTRES 
throughout the United States of America 

hL'cInning 
MARCH 27th, 1961, 
to interview candidates for 
SENIOR and JUNIOR FELLOWSHIPS 
and for 

PERMANENT APPOINTMENTS 

in the 

SENIOR SCIENTIFIC OFFICER 
and 

SCIENTIFIC OFFICER GRADES 

in British Government Research and Deeekip-' 
ment Establisluiients and in tha PitaWWinicnla 

o( the United Kingdom Atomic Enerv 

Au'hority. 

liriii'h scie^:i^t^ re*iJen: in ihe United States 

of America are :nvi;cj Co apply for further 
lis to: 



THE DIRICIOR, 

UNITED KINCiDOM SCIENTIFIC 
MISSION. 

1907 K STREET, N.W., 
WASHINGTON, 6, D C. 

The dosing daw for receipt of applieattoM 
in WaiMngton srill be: 

1st FEBRUARY, 1961 



CHIEF EXECUTIVE 

for a major Group of Companies operating in a number of industries involving mainly products 
ki the plasiics and rubber field and with principal production Unit in the East Midlands. This is 
a M«r appoblmeat offering immediate aoope and deaigiied to provide for management succession 
at dw blfthait teval whUn tha iainMabie ftuma. AppoialiDaat of dia appUeant irtio proves to 
be a iiirriiii to ^ Group Board b en^^Mfed. Initial taMMiatlon wOl ba sabfect to negotiation, 
but win be about £4.000 p.a. plus mbstantial profits participatiooe noo-eontributory panaloo scheme. 
Company car etc. 

Thf Chief Exc.uiivo will Hp rt'^p-in-Mhle onlv to :he Chjirmjn for the co-ordination and 0Otttr9l 
at the hiyhc^I nurKi^-.-r^i-jnt ievei "ht.- EJ^t Midljnd>. Vn\K uhich employs j lari-e nUB^wr of people 
and consists of manufacturing plants, extensive research and development laboratorias, centralbed 
adralnlsiTation etc. He will be in complete control of thb Unit and win bav« appeopriate aothorltr 
tp exercise his functions. Hb principal ttsk will be to achieve increaaed efficiencies in evcty aspect 
oir opoationa and to act in complete duuge administratively, aubleet oolr lo the Cktiman. 

Qualifications desired are first-class Industrial and commercial nunagement experience, preferablr 

obtained in the plastics, chemical or alUed faldnstries, with evidence of marked ability to provide 
in'eili;jent and dynamic lejderxhip. Sound koowledKe and expericn;;e of the application of modern 
nijnj^einent techniques, including especially manaiicmcnt ac^rounting and production economics 
gencTjlk are also necessary. Preferred age 40-50. 

Please write briefly in first innance, quoting Reference No. 910, to: 



AA 



>!SHLEY /\SS0C(4TES LIMITED 

FETEK HOUSE • .MANCHESTUR i 
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TOHN INNES INSTITUTE require an assistant with 
J chcmiLjl bJckground to help in biochemical invesii- 
ttaiions in potjiocs in the Department ot Potato 
Genet it-i. The appoimmeni will be in the Assistant 
txr^Ti"iKnt.il Ofiiccr grade, and a Pass Degree or 
cquivjlem qujiiticjtion is required. Salary will be in 
the rant;c t520-jL745 p. a. according lo age and experi- 
ence. Superannujiion. Application'; with the names of 
two referees, *;hould be addressed to the Secretary. 
Bayfordbury, HerttorJ, not later ;hjn the 7lh Fcb- 
maiy, 1961. 

HILL FARMING 
RESEARCH ORGANISATION 

Applications are invited from Honoun Cradualn 
(or those fipwiing to giaduate with Honoun in 
1961) in Bouny, Ajpicattanl Jtotamr or Rant Hus- 
bandly tot « w auKy whUi srfll akoitir arise in the 

grade of SCIbhiIirIC OFFICER on (be Organisa- 
tion's Botany Stalf at tlw bill research farm oi Sour- 
hope, nr. Kelso. Roxburghshire. Salary scale £690- 
£1.144 per annum. Superannuation under F.S.S.U. 
Further particulars and application form may be 
obtained from The Secretary. Hill Farming Research 
Ori;unisation. 48 Palmer&ton Place, Edinburgh 12. The 
closing date for applicatioos will be 28th Januaiy, 



UNITED KINGDOM ATOMIC ENERGY AUTHORITY 

require an 

ASSISTANT EXPERIMENTAL OFFICER 

to assist scientific and engineering statf in a variety of Interesting problerm la electronics tsnelated 

with nuclcir physics rescirvh. 



Applic.mis ^h<'UlJ prctcr.ihlv po^^c^' 
H.N.C. Ill Lk-,!ri.n:c :inj F.liviric.il 
includ;:ii: Ln^liih Ljnt:ujt:c ana u\o 
considered. 



deyree in Physics or Electronic Engineering or an 
Younyer .ipplicants with G.C.E. in five subjects, 
or mathematical subjccti at 'A' level srill ate ha 



SALARY: t47S tat age lW-tU5 tat age 26 or orahtUOtS pji. 
Sapcranaaatioii Sdwuie. Ftaancial anfatanca UHraidi 

married officers living beyond daily travelling distanea. 

people. 

For application form send postcard (or letter) to t 
Aldcrmaslon, Berks., qualinu Ref. >u. 2859/215. 



ba mltaUe for 
modem hostel hdlities lot single 

A.WJLB.. 



JUNIOR TECHNICIAN required in Biochem. 
Dept. Qualifications I.M.L.T. Intermediate, desiring 
to work for A. I.M.L.T. Biochemistry. Salary, etc.. 
as per Whitley Coimcil Scale. Apply to Secretary, 
CROUP 9 LABORATORY, 6, Rickmansworth Road, 
Watford. Herts. 



Central Electricity 
Generating Board 

Re$earch and Develoftment Department 

SCIENCE GRADUATES 




Ae ElecMcMjr IndMfey. Stodrab 

also invited to apply. 

>';icanries exist in the following fields: 



Reactor .Science, 
hjdrodynumics. 



Solid Stale, Metcoroloi't, Mugoelo- 



Combiistion, CorrosioD, Analysis, Physical Chemistry. 

CoHpoiing, SyiiMi CaaKols Gcaend Sladic*. 
Nndcar, Ckcnical, 1 



■icirttong,lB 



nialian. Data 



PHYSICS: 
CHEMISTRY: 
MATHEMATICS: 
ENGINEERING: 
ELECTRONICS: 
METALLURGY AND 

MATERIALS: 
ELECTRICAL 
ENGINEERING: 

Applicants should preferably be under 26 years of age, and ptKSess a good honours degree or 
equivalent qualification. Some postgradtiate iiidiistrial or univetaity research experience is tlesirable. 
bat new naduates who m acceptable will be given trabiint ivbera appropriate. There are abo 
vacsoclcs for stall who are slighdy less qualified academically. 



CowBics, Dielectrics. 
HldbVoHafe, 



lagaiatlon, Gas DiadMiiHi 



lifinllBca- 

wnhfai the 



• SALARIES wfll be AdlycnuiieiiMratawiaii 

tkms. Initial appointments will, save in exceptionaT cases, be made 

Research and Develnpment recniitment crade. for which (he maximum <iiilary is 
£1^325 p.a. Kupidily of proniuliun tu higher grades rests entirely on merit. Success- 
ful candidates can be assured of excellent career prospects, and of being engaged on 
f orwavd-looUBg work with bccdwai to publish their results. 

Assistoncf ruay i'l ccrliiin circiimstoticex he i;ivcn w illi house purcluise. 

# APPLICATIONS elating age, qnalilicatioas, eipericnce, present position, and salar}', lo the 
ranaanel 0«k(r, M/M. HoAeaa. Landau. K.C.1. lavciafa AaaM be aMrind "CoaUcMial Kal. 
NS/4S4." 



ELECTRONIC COMPONENTS 
AND SALES 

na Sales Depattraana at (ha Ctpachor and 

dK Thwsistor Dhridgas vKu to YOUNO 
MEN aged 20-30, who haw a knowledge of 

electrical engineering and also commercial 
experience, progressive posts in their Sidcup 
oHices, dealing with customers' correspon- 
dence, telephone inquiries and statistical work 
connected with sales administration. Both these 
posts offer excellent experience to young men 
who aspire to be sales engineers, provided 
ggr g» pwpai e d M.ooathna Ihefa- studies for 

Write in confidence, givfais a pcfsooal hi>- 
lory of age, qualificatKMis and egpa f fcnee and 

!mlar>' to: 

W J VFOMANS. 
Personnel Manager. 
STANDARD TELEPHONES 
AND. CABLES LIIV1ITED. 
Footscray, Sidcup. Kent. 



THE HRIIISM SOCILIV 1 OR Rt.SL.ARCll IN 
AGRICLLTURAI. FNC.INEERING requires 
SCIENTIFIC OEKICER (Rfcl . N 1) to take charge 
initially of small team investiyatiny the effects of 
design on the efiiciency of machines used in harvest- 
ing of grass and clover seeds. 1st or 2nd class honours 
degree in Engineering or Physics essential, with post- 
graduate experience in field aiparioaiul wodc 
SaUry scale: £6W-£1144, with atwUag akiy aoeoid- 

ing to age and eaperlenca. 

ASStSTANI EXPERIMENTAL OFFICER (REF. 
N.3-aki» icqoind for (cnsnd dones In connection 
with above problems uid whh barn hay drying. 
Pass degree in Engineering, Science or Physics essen- 
tial, with practical espericnce of espcrimental work; 
knowledge of instrumentatwn desirable. H.N.C. in 
Engineering or Applied Physics or Chemistfy misht 
also be acccpabk. Salaiy ' aeala: UM .at aae 22 
rising to £920, with ati^rtug salaiy Umlted to £745 
at age 26. 

Both posts superannuable. 5-day week, pramotloo 
prospects. Application forms from Saorataiy*- 
N.I.A.E., Wrest Park, Silsoe, Bedfordshire, 



RESEARCH OPPORTUNITIES 

IN THE L'.S.A. 

Well-known electrical manufacturers in the 
U.S.A. have two attractive vacancies in 
iheir research laboratories for 

PHYSICAL CHEMISIS OR 
PHYSICIS1S 

Ph.D. or similar standard with resean:h 
experience woldd Iw desirable, but newiy 

qualified M.Sc's or l%.D.'s would abo be 

considered. 

The work is coneetneti with research in 
the fields of glass and cei.iniic eleelronic 
materials. A sound Isiisic kiiosvk'ilL;c .inj 
v*idc interests coveiin.i! elocirieal materials 
such as semiconductors, dieleelries. feiro- 
c'ectrics or ferromagnetics is desir.ible. 

The posts call for liigh technical 



in accordance wMi 

experience. Interviews will be i _ 
in this country. Please apply to Box 
No. €5(9 New Scientist. 
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WOOL INDUSTRIES 
RESEARCH ASSOCIATION 

A vacancy occurs for a MATHEMATICIAN with 
necial interest in applied matfaematics x>r theoretical 
pny|tics. lively mind, and interest in investigatinR wide 
varieiy of problems (mechanical, physical, numerical, 
eic. in n.iuifc) arising in [exiilc research. Ph.D. or 
previous rcNcarch experience desirable. Starting salary 
up to £1.590 p.a. (with F.S.S.U. benefits), according 
lo ovalffioiUoiis ud wrowieocB. Ap^ lo cIm Amo- 
datioa, Torridoa, Hcadinglar Lane, Leeds 6. 

ESEARCH INSrrrrUTE {ANIMAL VIRUS 
DISEASES). PIRBRIOHT. SURREY. faivHei 

applications: 

(I) For an appoininient in the ris\uc Culture Section. 
Applicants should have an Honours Degree in Bac- 
terioloyy or Zoolot^y and have experience of culture 
techn^l|uc^ applied to ni jiniiialian tissue, Salarv in 
Principal -Scientific OHiccr grade. £1 .600-£2.325 or 
Senior Scientific Ofliv:er grade. £1 ,250.£1 .590. depend- 
ing on age, qualihcaiions and experience. Supcraonua* 
tion under F.S.S.U House available for married 



Pbv 
■ die Bloph> 



physical 

Pcpariment. The 



applicant. Applications to the Secretary 
<2) From yooog 

chemists for « pom „ . . 

soQcessful candidste wiu be engat^ed upon the appli- 
cation of a variety of physical-chemical techniques to 
the study of viruses and related biological systems, and 
will be encouraged to work (or a higher Degree. Cur- 
rent methods of investigations include eleclron- 
micFoscopy, ultracentrifugation. light scattering and 
X-irradtation. etc. Interest rather than experience is 
required at this stage. The appointment will be made 
according to age and experience in the Scientific Officer 

frade, £690-£I.I75, or Senior Scientific Officer grade. 
l«2S0-£i.S90. Superannuation under F.S.S.U. House 
availabla for married appUcaot. Applicitioas lo the 
Secretaiy. 

THE UNIVERSITY of MANCHESTER 

RESEARCH ASSISTANT IN 
REGISTRAR'S OFFICE 

An investiiiation is to be undertaken in the ReKistrar's 
Office into the application of electronic computing 
metiwd-s to such administrative processes as. for 
example, stjtisiical analyses, registration of students, 
tinietahlcs tor examinations, compilation and main- 
tenaHL-e of rCLOrds etc. It is proposed to appoint a 
RFSEARCH A.SSISTANT in the Registrar s Office for 
a period of about two years to take part in this 
invoslipation- Applications are invited from men or 
women graduates with experience of electronic com- 
puiini; for this appointment. Facilities will be avail* 
able for the person appointed to work on ATLAS, 
the computing machine at present being developed in 
the computing machine laboratory. The lalafT will be 
in accordance with quali6catiofis and c ap e r fen ce, and 
the_ post will carry membership of the F.S.S.U. and 
Children's Allowance Scheme. Duties to commence as 
soon as possible. Applications should he sent not later 
than January I4lh, 1961, lo the undersigned, from 
whom further particulars and forms of application 
may be obulned. 

VINCENT KNOWLES. 

Retittrar. 



We requin 



ENTEKPRISING INFORMATION 
SCIENTISTS 



with good academic qualifications to undertake a variety of work including 
abstracting, compiling bibliographies, answering technical enquiries and organis- 
ing information projects. A broad scientific background is needed and some prac- 
tical experience of instruments would be an advantage. Salary range £600 to 
£1400 per annum, with food proipecti. 

Apply, quoting reference AIM. to the Director, J. Thomson. MA., Dilc., 
Scientific Instrumeol Research Association, 
Sira, South HiU, Chislehuist, Kent 



INSTITUTE OF CANCER RESBARCH: ROYAL 
ICANCER HOSPITAL. A vacancy exists in the 
Plwdea Department, Suuon, Surrey, for a BIO- 
CHEMIST to join a team engaged in the study of 
trace metal metabolism using radioactive tracer tech- 
niques. Candidates should possess a first or second 
class honours degree in biochemistry or chemistry and 
the possession of a higher degree would be an advan- 
tage. Salary in accordance with M.R.C. scales in the 
range £1 ,l(X)-i;l..^OO. Applications giving the names of 
two referees to Uie Secretary, 33, Sumner Place, 
S.W.7. quoUag nL: 300/O/8. 



CENTRAL ELECTRICrrY 
GENERATING BOARD 



Eastern Division 

Apfdlcalloni an invilcd for til 



MATHEMATICAL ASSISTANT — BRAD WELL 
(NUCLEAR) OENER ATINO -STATION (ESSEX) 

Salary laoae tSKHtOi per aamm. 

The comme B chu salary wiU depend upon age and 

qualificatiora. 
Applicants should tie young mathematics graduates. 

The work will be varied in nature, involving 
analysis and cslcal a l ioi ii baaed oa piqFSiad nemire- 
— , h ofdec lo emura 



Oppocfkles to wrin jmsmnowi lot * Htat. 
anadam aiM M ntar Q.BM. 7W) wU ant, and a pecM 
M ttahiat for this type of wofk wffl be provided. 

Applications, qnoting Reference No. S.V.14I7, 
stating age. details of education, experience and 
present position, should be sent to the Controller. 
Central Electricity Generating Board, Easlain Divirioa. 
West Farm Place, Chalk Lane, CocMoallCT, BaiOal, 
Herts., by I4lh laaaacy, IMl. 



iMullaidl 

•-^^^ 

THE MULLARD RADIO VALVE CO. LTD. 
FERRTTES 

A Company of in:crnaltonal repiit-ition ho arc makin'.: r.ipi.f proi^rcss in the field of Ferfite 
Applications require Mtv'D^ul I n^inecrs or Phvsi.:is;^ I.T ;he nevelotiinenl Section of Uie 

Ferrite Division to assess qualities of development terrnniat^nct;. rint^Tkils and introduce new {enile 
components into a Production Unit. 

Investigaliotis aie being carried out in many fields including tnemory core for computOT appUcg- 
tions and ferrites for telecommunications, microwave and pic/oiiijynetic applicatiotu. 

These posts require youna men of hiyh calltire havinc; an apciluJe for research and abo tile ability 
to drive yood ideas into factory produjlmn 

A knovvledt^c of statistical quality control techniques would be an advantage. 

A Mechanical Engineer with a bias lotaards light Electromechanical Engineering is also required 
for development work on magnetic itaemory storage systems 

Preferably he should have experience in the design of Electromechaitical Equipment and printed 

circuit techniques. 

Minimum qualifications are a degree or equivalent in Mechanical Eagiaacriag tlOt applicants svttb 
other qualifications and suitable experience will also be considered. 

The posts carr>' salaries which recognise the impoctaaee ol Ihia nmk and there afe ooMidenibla 
opportunities for personal development in this field. General condltiou of employincM an 
•xcellent and a JH hour week is worked. 

Apolicatioai, In coofidence, ahooM be addicned to the Penoanel OOger, Mnllard Radto Vaha 
Co. Ltd.. New Road, Mitcfaam lunctlaa, Smer, begriag icfcnaee JFO/FL 

"jVadanr* b Hie Tnuk Mmk of MiiflM UmUet 



BRISTOL COLLEGE OF 
SCIENCE AND TECHNOLOGY 
Ashley Down, Bristol, 7. 



Tlw Governors invttc appUatkma for the ^^j^ 
Id poeMN 

Physics and have hadmnuv 



ASSISTANT. Grade B, in the Dnaitmcnt of I 

Applicants should p oa i e w aa Boaowi OapM 



some branch i>f Applied Phyiics. Teacfalag eapctt- 

ence desirable. 

Salary, accordina to experience and qualificatiooa, 
within the range £790 to £I,43S. 

Application forms and deuils from the Registrar. 



THE MANCHESTER CX>LLBOE OP 
SCIENCE AND TECHNOLOGY 

RESEARCH IN RHEOLOGY 

Applications are invited from physicists for a posi- 
tion as experimental Research Assistant in the Depart- 
ment of Mathematics to continue and develop a 
fundamental investigation of the Theological properties 
of concencrjied polymer solutions. Recently developed 
apparatus is available for the measurement of Bow 
birefringence and normal and shear siress components 
in .shear (low. The work cilK for iniiiati\f in the 
design and const ruction ot new appjratu'., and for 
the ability to perform scries of observatiDns of .sus- 
tained accuracy. Candidates should possess a good 
Honours Decree in Physics. 

The position is tenable for two years in the first 
imttiioe. Salftiy wiU be £673 per annum, lud the poM 
wtt Im MpwuiMMMt Wider F.S.S.U. AppttoulOM 
should be forwarded to the Registrar. The w&nchwtir 
College of Science and Technology. Sackville StiMl. 
Manchester. I, on or before 3Ist January. 1961. 



^SHELLl 

'WELL" RESEARCH LIMTTED 
•eqnire • 
SENIOR TECHNICIAN 
for the 

UWMVl'KY DIVISION 

al thdt Ttnital LakmlofT. near 

Sitlincboerne. Kent. 

The work t»f the Chemistry Division is 
estremcly diverse, and includes the formula, 
tion ol chemicals for bioloitical tests, the 
desiitn and operation of inhalation chambers, 
and the development of microanalyticai tech- 
niques for the detenninatioa of biologicaUr 
acuve etMa p o nn da in thaaea and body Bnida. 
The Laboiaiacy haa an eatem l ve programme 
and theie are nvide oppoftitnities for de- 
velopment in an theM Beidi. 

Applicationi ate invited from candidates 
with Higher Natioaal CertiflcaM in Cheminry, 
. or equivalent, and aome 10-13 jram' bbota- 

tory experience. 

.Salary will be based entirely on qualifica- 
titms and csperience. There is an attractive 
Pension .Scheme toyelher with other staff 
benefiis. 

Please apply by letter, gisiag fall dctaila lo; 



SI. . 

unaioN.ixj. 
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TECHNICIANS required for research protects In 
Nuiriiion Department, one with laboratory expeii- 
cnce and one preferably with experience of animal 
work. University salary scales; good ooDditioas aad 
ii.iiijj>s. Apply in wcktau to the Seeictinr, QUEEN 
ELIZABETH COLLEGE (UnJveniQr of Landoo). 
Campden HiU Road. W.8. 

CTOKE MANDEVILLE HOSPITAL 

AYLESBURY 

ASSISTANT UIOC HFMIST required in the Area 
Pathology Lahnrjlory hased Jl the above Hospital. 
Applicants shouKI posse^s nr 2nd Class honours 
degree in cheniislry or bioL-heniistry. or A.R.IC. 
Whitley Council conditions ot scrsice. Salary £925- 
£1150 p..l. alter tfor new entrants onl\ 1 a probutinnarv 
period. The post oliers a wide variety of experience 
in * weU'«qiiiD|ied and pleasam laboratory. AppUca- 
uons. iMig bill dCtaJh ol qualiBcationt, etc., tosetlKr 
wim names, of two referees, to be forwarded to the 
Aiunlnistrative OfTicer as soon as possible. 

PEITERS LIMITED 

A Member of the Hawker Siddeley 
Group 



DEVELOPMENT ENGINEER 

•for r»earch into eoolint problems associated with air- 
cooled petrol and diexl ehsines including fan design 

and performance. 

Previous engine experience is not cnratill but eradi- 
ates must have experience of fluid flow, 
fenons wilb opatieaGt of wind tunnd letting tMMild 
be considered. 

A i-'enerous salars' \^ill be offered to the right appli- 
cant and condiiions of service are excellent. Please 
apply 10 H. W. Marsden. Esq.. Personnel Manager, 
PEITERS UMITED. STAIIffiS, MIDDLESEX. 



PARKE, DAVIS & 
COMPANY 

A s.icancv e\is!s in ihe nhPARTMENT 
OF PHARMACOLOCK AL RESEARCH for 
J OLlALII-IEL) PHARMACOLOUIST with 
RESEARCH EXPERIENCE. 

I hc work will be concerned with the search 
for new pharmacodynamic aoenti. Those with 
Ph n . VI Sc., B.Sc, or Bjfirm. degrees, or 
eiiuis.iltnt qualification] are invited to apply 

tor -.his post 

Ihc u-rnis ot employineBt With Ihc Com- 
p;iny .ire .irr.ictiw They include a i;cnerous 
salary, pension and life assnrancc plan, and a 
S-day, m hour wcelt. 

Please apply: 
Personnel Manager, 
Parke. Davis & Company. 
Staines Road, 
Hoonslow, Middlesex. 



THE MIDLANDS RESEARCH STATION 
OF THE GAS COUNCIL 

PILOT PLANT 
OPERATORS 

The Station, which is at Solihull. Warwick- 
shire, is developing, on the large pik>t plant 
scale, new high pressure processes for town 
gas production by the gasification and hydro- 
genation of coal and oil. It invites applications 
Irom men who will talce a responsible part in 
the control and operation of these plants under 

the siipiTs i.ioii .if iho rcwarch scientists in 

chjr.L;e. A qii.iliiicaiion at least of Higher 
National Ccrtilicate level in Cllemistry or 
Chemical or Mechanical Engineering will be an 
advantage. Shift worli is inmlved. 

The salary will be within Ihe range of £830- 
£930 per annum. 

Ani^y, In vHHng, to the 
ladastriul Relations ORieer. 
West Midlands (;as Board. 
6, AagHslus Road, lidgbastoii, Birmingluiai, 15. 



PHYSICIST with deetrotde and/or Instrument ex- 
perience, and prefenUr at least honours desree, 
required for fundamental and applied research m a 
growing oreinisation concerned with buildinii 
nuKcrUl. Write for form of application to Bo.\ No. 
C.i61. NEW SCIENTIST. 



THE UNITED 

m 



COMMHIES IT? 

MINERAL DRESSING AND 
EXTRACTION METALLURGY 

RESEARCH GRADUATE 

Gradujif, prftfr.ihl> uirh tcveral years' 
experience, require tl tor n-MMrch project on 
the benetiijiji icm nl irtm nrcs and other 
minerals u^cd b> the iron and steel industry. 
Research in^;ludcs Ih)'Ji lundjincnul and pro- 
cess studies on the >inleriny of iron ores. 
Applicants should hj\e qujlitied in niint-rj) 
dressiny. physical k.'hciIli^try or chemicil 
enyinceriny. The salary offered will be in the 
range il.lOO-tl .600 p. a. depcndins on experi- 
ence. The post is J jon^' lerm one and carries 
supcrannujLinn. The Company is prepared to 
assi\i uiih hou-.ini4 

Applications should he addressed to: 

The Assistant Director of Retcanll. 
THE UNITED STEEL COMPANIES LTD.. 

Swinden Laboratories, 

Moonate. 

Itocbcrbaai. 



A Materials Researcl? Establish- 
ment situated in Northants re- 
quires an 

ANALYST 

with some experience, for work 
on general inorganic analysis. 
Applicants should preferably 
possess a degree or G.R.I.C., and 
some knowledge of organic 
chemistry would be an advan- 
tage. 

Please send full details to Box 
C572 NEW SCIENTIST. 



A PLANT PHYSIOLOOISr is icqoittd to Join 
the Bioehcniittqr Saetioa of Twyford Laboratories 
Ltd.. Tvvyford Abbey Road, London, N.W.IO. to 
engage in basic inveslivations. Some research experi- 
ence in the field of plant biochemistry or in botanical 
microtechnique is desirable. Salary according to 
experience and qoalificatiODs; peosioo scbeme. Apply 
to Secretary »t ibow addresa. 

ANALYST 

Male :5-.iO B.Sc. or A R.I.C, wiitl •.omc irnluvtrial 
jnalvtica. experience reqLiircit li\ wcll-lsiKns ti tinnii- 
lacturing chemists, Noriti l.onjoii -S-J.u uccV.. start 
canteen, non-contrib Pension .Scheme, friendly atmo- 
sphere. Starting $alar>' according to age and experi- 
ence. Good prospects. Apply Personnel Manner, 
Box No. C37I NEW SCIENTIST, 



PAINT CHEMIST. 

MIDI AND SILICONES LTH. require a 
P.iint C hcniist in the Resin .Section of the 
Technical Service Pepartmcnt at Barry. Glam. 
Duties include investigating customers* prob> 
lems and development \%ork using silicone 
paint resins. Age 21-26. Candidates should 
have H NC. in Chemisiry cir an equivalent 
qualiticatiim tocelher \^ ith about 2 years' ex- 
perience in the p.iint iir surface coating in- 
dastry. Good commencing salary. This is ■ 
peoiionable poit in a niridly vowing goi~ 
imiy ot the Albilglit tt WnioD Oroup. 

Apply to Staff Officer. 
ALBRIGHT & WILSON LTD.. 
I Knighisbridge Green, London, S.W.I. 

(Reftmee number ST) 



LANCASHIRE DYNAMO 
ELECTRONIC PRODUCFS LTD. 
RUGELEY, STAFFS. 

"ELECTRONIC ENGINEERS 
TO INDUSTRY" 

If you are trained to deyree or H.N-C. 
standard in Electrical Engineering and have a 
yond knowledge of Thermionic Circinis, 
>ou are just the kind of man \sc art- st-ckini; 
for our Uaboratorics, Should > <>u have jImj 
a yodd wfrkiny kntiwledge ot" Transislor Cir- 
cuit IX-NiLin. «) much the better, but it not. do 
not be deterred ue can brini: you up [o date 
and bc'Mtnd" Our I.abo^a!^^lt■^ are a tcriilc 
brcedin;; t;ri.iiiij ol w>\i:\ idea--, stimulated by 
a continual strt-ani ol inquirie<t from all 
branches of industry. 

If you arc looking for 
rewarded achicTcaMatg 
addrtw akovcg « 
Year nphp SMI 
as yo* nm ^ 
be treated la 



write to 



lOT. IM MIWI 

m mmd wait al 




INDUSTRIAL PUBLICITY 

A young industrial publicity man is required to assist with all details of work on a (roup of accounts 
covering press advertising^ editorial publicity, sales and technical literature and exhibitions. 

Applicants chosen for interview must be able to show that they have had sound experience in each 
of the above aspects of industrial publicity. 

Essential qualifications are a basic knowledge of, and an inherent interest in, science and technology 
—and. hence, the ability to write lucidly, talk icDsibly and think cieatively (fnnn the publicity point 
of s ieu ) alsout manufacturing processes and Industrial products A science degree or similar qaauflea- 

lion ciiiilj 1h- jn advantatte. 

1 lu -.u.i'^-f.;! cjn.iiJiito must be prepared for hard vsorls Iiul he ssili t^ave every opportttnily. 
eiu. 'HI .( jcnu'fil .iiikf ^ivsi..ijiK e lo nialse tor htni^elt .rn intercsiiny and pmurcssive career in one of 
llnlaui's leading; pul^iisi:> companies. Initial salary and tsenctils arc attractive. Auc limits. 2S-3S. 

Applications must ijivc full but concise details of education, positions held, type of work done, age 
and present salary. 

Write in strictest confidence M: 

E. H. 
Depaty : 

THE D. BROOK-BAirr COMPANY. 
' Haw*, 4$, Dn« SMM. Laaiaa. W.t. 
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THE BRITISH SOCIETY FOR RESEARCH IN 
AGRICULTURAL ENGINEERING rcquiiM IN- 
FORMATION ASSISTANT with bonourt degrw or 
lioiilar qoalification in Engineering or AgrienllBic lad 
■ IfoowMic of hBgnmrt. Dgtin involVB miMF 
■batmeiini fniB Hdaicil Sttttimv, MBo to write 
conciK Endbk ii etKntlal SUfdoa alinr aoconUni 
to and cxpMkDoc.m sak £69041144. Swper- 
itiimutoD fdtciiie. Pnrther deuils md appUenUoa 
lurms Irom Seeteury, N.I.A.B., Wran Park. Silwe, 

Beds. 

ESEARCH BIOLOGIST. Ondunte. male or 
female. Age 23-30 required for wpervitint labora- 
tory leiii in new Fimgicides at Chestertord Parle 
Rewarch Station, near Saffron Waldrn. Essex Hiiihly 
interesting post carrying good conditions of employ- 
menl Five day week, canteen taciliiies and Sports 
& Social Club available Pension Scheme id opera- 
tion. Write giving full particulars and quoting number 
|}94 to Penonnel Manager. Fisons Pest Control Lid . 
Haraon. Cambridge. 



THE LONDON HOSPITAL. Whilechapel. E l. h3< 
vacancy for BIOCHEMIST (basic grade) in the 
Metabolic Ward Laboratory Applicants should have 
B.Sc Honours Degree in Chemistry or Biochemistry 
The successful appMcant will be trained for a career 
in hospital biochemistrv and opportunities tor de- 
velopmental work in biochemical analyses will be pro- 
vided, so some pnsi.nr.idu3tc experience ol these 
is desirable Write to House Governor, giving names 
of two rclerec s. _^ 

ELECTRONICS TTECH ANIC with liehl fiHinB and 
turning experience required to build and maintain 
electronic jnd instrumentation devices tor juricultural 
engineering: rcsc.irch and assist experimental work 
Time served or ex-Scrvice tradesmen would suit Citv 
and Guilds Cs-rliticalcs or N.iiional Certiticjte de- 
sirable Superannuated stall post Grade Senior 
Assistant (Scientific) Miniinum age 25 Salary £755- 
£1,010. Further particulars from Secretary. N,l A E.. 
Scottish Station, Howden. Mid Cald er. Midlothian 

KODAK LIMITED have vacancies lor l.aboratorv 
Assistants in the Physics and Chemisirs Scciu'ns 
of the Research Lalsorjtories Candidates must have 
G.C H "A' levels in Chemistry. Physics and Mathe- 
matics, or O N C in Ph\sics or Chemistry, and be 
between 18 and 22 years of age. Excellent salary and 

Srospects with good facilities for further education, 
indwich Courtes and Dcgrc* SchotanMpi irgilable 
to suitably qualified employees Please vrrfte or call: 
Personnel Department. KODAK LIMITED. Harrow. 
Middlesex Tele Harrow 4,<i<0 — Ext. 179. 

YOUNt} LADY ASSISTANT required for clerical 
and photographic work in the Materials Labots- 
tory. Minimum qualifications 4 sublects O levd in 
G.C.E including English Language and one seienoe 
subject. Photographic experience not essential. Please 
nan ihrlnt details of age, qualifications and experi* 
Mice W llie Personnel Manager (MD/73). THE 
GENERAL ELECTRIC COMPANY LIMITED. 
Eriih. Kent. 

UNIVERSITY COLLEGE HOSPITAL 
MEDICAL SCHOOL 

JUNIOR RESEARCH ASSISTANT required (female), 
experienced in section cutting, for research work in 
connection with exfoliative cytology. Salary C640 per 
annum. Application in writing to the Seeielaiy. Uni- 
versiiy Colleiie Hospital Medical School, Univenity 
Sireet, London. W.C.I 



CENTRAL ELECTRICITY 
GENERATING BOARD 

NORTH EASTERN AND 
YORKSHIRE REGION 

PHYSiasrrs 

Physicists are requlfcd by tbe Research and Develop* ' 
mcnt I>epuninem al tbeJr laboratories in Leeds. 

The <:ucce«<cful candidates will join a small team 
pursuing investigations concerned witb electricity 
geheration and transmission. They will carry out 
research on heat transfer to liquids with rotational flow 
on J l.ihonitory rig. hut wilt atso be expected to help 
investigate uihcr problems in the fields of beat transfer, 
electrical insulation instrumentation and mechanics. 

Appticjius should have a good Honours Degree and 
for the more senior post at least two years post- 
graduate research experience The ulary scale for this 
post will bf in iht* r.ini:c tl . Ifts.£I ,720 p.a. For the 
other post experience is not essential and the initial 
salary scale will be uithin the range £780 to £1.163 p a. 

Forms of application may be obtained from the 
Assistant Regional Secretai? (Personnel), Central 
Ekctricity Cenent^ Roard. Nt>rth Eastern and York- 
ahiie Reskm. I. WhilclMll Rond, Leedi,l. to whom 
they shovM be returned to arrive not later than 18tb 
Februar>-. 1961. 



WHESSOE LIMITED 

vaqoiM « 

ntANSLATOR 



for the Library mS lo iraulate correspon- 
dence and lecboieal OMtcrial into English. The 
languages concerned ara maioly French and 
German, btu Scandinavian langiugea, Spanish 
and luiiao may alio be needed. Tbe field 
covered is (cneral engineering, weldini and 
metallorgy. 

Write with tall dciaUs, quoting reference 68/60 
and mcntionini tbh paper u> Tba SuB Officer, 
Wbeooe Linilfd. DatOnglaa. 



ROYAL VtitRINARY COLLEGE LABORA- 
TORY TECHNICIAN required as personal 
assistant to KcuJcr in Biochemistry. Salary scale 
£490 to £(>75 per jiinuin plus London Weighting 
Ou.ilitii.atiun allowance payable additionally in cer- 
tain cir--iinistaiiL-cs .Superannuation scheme. Applica- 
tions, ^kh lull particulars ot age and experience, to 
Assi.stjni Secretarv, Ro.val Veterinary College, Royal 
Colle ec Strccu Lond on. N.W I. 

MIDDLESEX COUNTY COUNCIL— Education 
Dfpl LABORATORY STEWARD rcqd al Isle- 
worth Pol>trchnic. London Rd., Islcworth, in Dept. 
ol Science and Engineering for work mainl.v in Elcc- 
Ironics and Radio Lahtiratory 38 hr. wk. inc some 
evenini; «ork. Saiarv Misc IV £62.S-6S.'i plus London 
Wciuhliny up 'o 140 Commencing salary to be deter- 
mined .iccordini: [r^ ability, qual. and exper. PlVKribcd 
c<uiJifi'n. Application lorms from Principal rCtQni' 
ah:c iiiime diatel. (Quote FI74 N.S.) 

LAKOKMORY ASSISTANT required for Physics 
Depjr'.meni, Whitsilt School. Croydon Scale £525- 
20-725. Iiiiiial position on scale fixed on appointment. 
Applicilionx in writinsi to the Chief Science Master, 
WHITLilFT SCHOOL. Haling Park. South Croydon. 

SUIi-EDITOR ssiih experience required by esub- 
lished scientific publishing firm (Londoo). SalaJtJf 
by arrangement according to quallAcationt. Write Boi 
No. C.568 NEW SCIENTIST. 

ELECTRONICS is the greal career for the future 
For details of openings of Courses (with appa- 
ratus in all branches) write B.I.E.T. (Dept. E.7), 
- - n. W.8. 



PERSONAL 

7a. fr flw r B o x Humbtr U. exim. 



"Which?" 



will help to give you value for money in 1961 . 
"Which?" is based on scientific tests and indepeiH 
dent survevs. and b 

CONSUMERS* 

tion only £1 
doo, W.C.I. 



» Sin wiciKiiif; icasi ano inacpcn- 

feys. and n publidied moatbly bv the 
lERS' ASSOCIATION no amiul aubierhi. 
£1 to Ovu 9, 333 HithnHSttmni. Loo- 



BOOKS 

7t. w*r Uat—Box Numbir la. exiru, 

BACK ISSUES 

OF JOURNALS IN 

SCIENCE & THE 
HUMANITIES 

always required by — 

WM. DAWSON & SONS. Lm 

Back Issues Dept. 
16 West Street 
FARNHAM, Surrey, Enjisnd 
Tel. farnham 4664 Cables: Dawb • - j 



FELLOWSHIPS, GRANTS AND 

scnoLAKsmps 

tt. fir H m Bn Number It. txin. 



University of Bristol 

I.C.I RESEARCH FELLOWSHIP 

Applications are invited Irom qualified candidatea of 
any nationality lor an l.C I RESEARCH FELLOW- 
SHIP in Chenitsiry Biological Chemistry. Engineer- 
ing, Pharmacology. Physics, or in a related subject, to 
which an appointment may be made durins the cur- 
rent academic year The jppoininu-nt will date Irom 
1st October, 1961, and may be made lor a period up 
to a maximum ot 3 years The salary wiU depend 
upon qualifications and experience, but will be within 
tbe range £800-£IIOO per annum, together witb. in 
appropriate casen, F S.S.U. beoefiu and familr 
allowances. Applications stating age, detaila of qontk 
6caiion and eiperience. publications, reaeaicb wock ki 
progress and an outline of the proposed Add oiF 
search, logeiher with the names of two refanaa, ih 
be received not later than Isl March. 1961, bf 
Registrar. The University. Bristol 8. 



SENIOR RESEARCH 
FELLOWSHIP 

lenjhlc for three vears al the 

CHEMICAL DEFENCE 
EXPERIMENTAL ESTABLISHMENT 

Porton, near Salisbury, Wills 

Applications are invited Irom graduates in 
biochemistry a Ph O degree and at least three years* 
pos'.-yrjduatc research experience (preferably in 
enzyme chemistry). A working knowledge of histology 
and histochemical methods would he an advantage. 
REMUNERATION according to individual merit in 
the range of £I,27S-U.S7S. Superannuatioo under 
F.S.S,y. Prior to cx|^ of Fellowsbip tbe hoMar. if 
under 31, oia be oonsldeRd for a pemmneol (mniion 
able) post. 

APPLICATION FORMS bom War OfBce. C.I3(cn, 
AddpU. John Adam Street, Londoo. W.C.2. for 
return bf 3l» Jannaiy, 1961. 



LECTURES, MEETINGS AND 
COURSES 

7t, per But. 



POSTAL TUITION 

for G.C.E. (O. and A. Levels), London Univ. B.Sei, 
B.A., B.Sc.CEcon.). LL.B.: and for professional 
examinations. Prospectus (mention exam.) from E, w. 
Shaw Fletcher. C.B.E., LL.B., Dept. SN9. WOLSEV 
HALL. OXFORD. (Est. 1894.) 



MIDDLESEX COUNTY COUNCIL 

Education Committee 

H.JtRROW IECHNIC.\L COI.I EGE 
Norlhwick Park, Watford Road, Harrow. 

USES OF RADIOACTIVE MATKKIALS IN 
INDUSTRY, MEDICINE AND RESEARCH 

Twelve weekly lectures commencing Tuesday 3iid 
January at 7 p .in. -j 

Foftlier partkiilan from the College. 



KINGSTON TECHNICAL COLLEGE 

FASSETT ROAD, KINOSTON-UPON-THAMES ' 

FUEL TECHNOLOGY TOPICS 

-\ course of twelve letlures will be yivcn by 
prominent specialists Irom Cias. Liquid l-uel and Solid 
Fuel Industries on THURSOAY tVTNINt.S at 7 
p.m. The commencing lecture is to be yiven by 
W, J. Cooderham, B..Sc.. A.R.C.S., F.R.I.C., 
M.lmt.Cas.e., on CAS ANALYSIS on Sib Januaqi, 
1961. 

Full details concerning the above course may hie 
obtained from Head of Department of Engineering, 
Kington Technical College, Kingston 1204 



Fnnted m Great Britain ■a' Ciau * rouBoi Ltd., a Craven Street, London, W C 2, at their Wellington Press, AMenhnt, and publUwd weekly hjr Harrison. Raiioii ud 
Compnoy, Ltd.. Cromwell Howe, Fuhiraod Place. High Holborn. London. W.C.I. Telephone: Holborn 7SS4. DiattibMed tv Vetiwii HoUinc Jk PartDcn. Ltd.,43 Shoe Lm^ 

London, E C.4. Telephone: Fleet Street SS91. 
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UNTTED KINGDOM ATOMIC 

ENERGY AUfHORITY 
ISOTOPE SCHOOL 



Bti-i- 'iiur uei-W j.jiir-o-: or" instnurtion in the meajure- 
mcot. handlini; jnd u>c oi ndioisotopes cooiinence 
"ih JANUARY 12th JUNE, ind 13lb MOVBMWR 
MEDICAL cCMJRSES.caaiaeaM lOth APRIL 
and 18ti> SEPTEMBER. 

SpwU coonti be CbemUu. Biocbemhti. BMocini 
and Em^neciB in indided in die 1961 pragniuw. 

F'jil pariculus and tanm of appKcatba may be 
obtained fran: Registrar, Isotope 'SdMMl, Wantaie,. 

Berkshire. 



BRUNEL COLLEGE OF 
TECHNOLOGY 



DEPARTMENT OF WIYSICS 

Short coimet, each of 6 iectam. oo the foOow- 
ins topin will be beid on Taadx) evcolnts fnm 
TM to 8.30 p.ni. 

INDUSTRIAL RADKX.OCY 

1. C. RocUejr. M.I.EX. A.MD.T.S. 
<A.I.D. Hareficid) and /. W. Warnn, 

M.Sc., Ph.D. (Brunei College) 

3rd Januar. to 7:h I't-bruary 'n.-iu-'ve 

LLTRASOMC \VP\ II.ATIcJNS 

J. Blitz, -M.Sc. .AliiM'. .B-,;:u-l C:.<-.ei 
A. E. CnwforJ. M.Bnt.l.R.L., S^n.M.I.R.E. 

(Brush Crystal Co.) 
C. A. Meadows. BSi (Ens).. A.M.I.E.R. 

A.M.Brit.I.R.E. (A.I.E Harefield) 
I4(b Febnurj to 2 1st March iachisive. 

Wte tot each course £I .O.Od. 

lletaSs bom the Registrar, Brunei Coiiege of Tech- 
nologsr, Woodlandi Avenue, Actoo, W.3. 



SOUIBSASr ESSEX TECHNICAL COLLEGE 
JIMD SCHOOL OF ART 

Sumrrt- ihoct coones in Ctaemistr, and Biology 
wUbetacId far teacbets during the Eav:cr sanation, 
I(kb-I3th April inchuive. In addition to lectures there 
»ai be opponunilies for laboratory work and geiieral 
disonsioos. Further details may be obtained from 
the HeMl of tbe Cbemistiy and Biology Department, 
ItoiMbniM Eiaca Technical CoUege. Loogbfidae Road, 
Dagenham, Essex. 



LNIVERSITY OF CAMBRIDGE 

DEPARTMENT OF PHYSICAL CHEMISTRY 

SUMMER SCHOOL 1%I 

A SUMMER SCHOOL on "Past Reactions" will be 
held in the University Depamneni of Ptanieel 

Chemistry, Cambridge, from Iil9 Aoiust 1961. Some 

of The main topics will be: 

APPLICATIONS or SPECTRO^^OI'^ TO THE 
STUDY OK REACTIONS IN M \MLS. l;\PLO- 
SIONS AND SHOCK WAVES 

THEOBIE.S OF ACTIVATION AND I NLRGY 
TRAN.SFER. THE STtOY Ol \ IBR \T10NALI.Y 
EXCITED MOLLCLILS BY ILASIl PHOTO- 
LYSIS ANT) FI.LORL.M 1 NC E 

rXPERlMENTAI- TK MN1(.)LES OP STUDYING 
FAST RE AC HONS IN li.ASES AND LIQUIDS. 

RELAXATION PROC 1 -SSKS IN SOLUTION AND 
FAST ELECmOBE REACTIONS. 

HIGH SPEED GAS CHROMA TCK/R APHY. 

Full opportunity for discussion uil! V provided both 
a* lectures and at a number of social functions. 

The fee for ihe course, inclusive of accommodation 
for seven nights and (he social functions, will be £25. 
Accommodation wDI be provided in Colleges or Col- 
lege Hostels. 

nMbr details md fonia of aptUcatkm mar be 
ohuintd from: 

THE SECRETARY OP TkB SIMMEK SCHOOL. 
Department of Pbyticd Chemjsny. LensBdd, Cam- 
bridge. 



UNIVERSITY 
CORRESPONDENCE COLLEGE 

Home prcraratiim c nlr-c^ 11 rf -i. M-.ab'e fets. for 
lONDON LNIVfRSIlY LNIHANCE rcquiriiUOT.s 
and DEGRHS (H So . B Sc tEcon.). B A., LL.B ). 
GENERAL CERIIHCATE OF EDLCATION (all 
Examining B.>aril^; Orjinarv and .Adsanced Levels). 
PROFESSIONAL Esams. Private Study Courses 
itivcn in Sciofice Subiccts, Langtuges, etc. Prtjspectus 
from Registrar, 2S Burlington House, CAMBRIDGE, 




itives enormous satisfaction — shorthand in 3 week, 
svritten »ith the alphabet. Speedband is fast, phonetic, 
easy to read, and covers all scientitic discottrse. You 
will be glad you wrote for tbe free trial lessons to the 
School of Speedband (N2), HiUs Road. Cambridge. 



Surrey County Council 
KINGSTON TECHNICAL COLLEGE 

Post-Graduate Lectme Counes 

Spring Term IJiSl 

C HE.MICAL SPECTROSCOPY 
Nine Lectures on Thursday evetUngs at 7 p.m. 
commencins l!);h Januarv, 1961. The Lectufcrs will 
nchide Dr. V. S. Grifiiths, Dr. L. i. Beilan^.JJr. 
J. H. CaUomon, Dr. N. Shenard, Dr. Oi^J. 
Professor R. T. Willianu, Dr. A. f. B. 
Mr. P. D. Ainsley. 



Six lectures on Wed- 
23tb laiv- 
of 



THEORIES OF VALENCY 
ArainlaitaB of moden k 

Uiuvertitsr CblKge, uOBdos. 

Details and registration forms from 'fie ^ad of tte 
Chemistry Department, Kingston Technical College, 
FkssettRoad,?" 



BRISTOL COLLEGE OF SCIENCE 
AND TECHNOLOGY 

MSTCIIA»UATE SHMT COURSBS-JANUAIIV f9«l 



FMBAV art SATURDAY 
1M ft 14III JMuary 



FRIDAY an* SATURDAY 

awifttHii 



RECENT WORK ON FRICTION 

LECTURERS : Dr. .Anita BaUcy, Cavendish Laboratory, Cambridge. 
Mr. P. G. Forrester, Glacier Metal Co. 

Dr. G. R. Higginson, University Department of Mechanical Eagineering, 
Leeds. 

Mr. L. B. Jones. Bristol Siddeley Engines Ltd. 

Mr. J. L. HeatoO'.-Tediiikal iSalcs Department, Esso Ihtideiim Co. 

HOVERCRAFT 

A series of kdures on the ground effect macfaBies, their devdopment, aero- and bydro- 
dlsnumic aipecta-aod ccooomic potentialities. 

LBCTUKERS: Mr.S.D.$hs«;CJJB., MinistnF«f AviadflB. 

Kfr. C S. Oix&erdl, Mr. W. J. Eteintaii. BUvennft 
Mr. P. R. Cieme, Mr. J. Staffot^ Mir. R. L. Wlwder» 
DMsiaa oC Westlaad Alicnft Ltd. 



lid. 
■oe 



The fee for each course is S2 2s. Od. 
Further details and ap^icatien farm can he eMained from the 
Orfaniier af Short Gawses, Rrlrtol College of Science and Technology, Bristol, 7 



Tel. 41I«f /5 
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i 

1 

OUTST7\NDINGj 
CIGARETTE 1 
OF THE DAY ; 




SENIOR SERVICE 

The Perfection oF Cigarette Luxury 



WELL MADE • WELL PAC 




VIRGINIA TOBACCO AT ITS BEST 



r.opvriqhted ni. i 



